Rights Reseed, Telegraphic Address Ageotay; London,” ABO Codes 


LONDO LONDON: PUBLISHING OFFICE, 29, PATERNOSTER, ROW, per anmun, 


{| manufacturers of all Telegraph Appliances, Materials, and Machinery for Making, Laying and Main | : 


and Steel T , both Patent and Ordinary ; Oentipedes, Oreepers, Mushrooms, Sinkers, || 
||. Cable Tanks, ind’ Paying , Dynamometers, and Stern Gear, Stamand || 
a Hand Hating Gear, Rope a ble Drums, Splicmg and Jointing Tools, &c., &c. 


=, wo USE Ay 1890. 


_ WIRE—Iron and Steel Wire, Galvanized, Plain, or Stranded. Insulated Wires of every description. 
|| BATTERIES--Sole Makers of Higgins’ Patent Bichromate Batteries, Leclanché, &c. Zino and Carbon Plates. 


inclusive, ag is 198. 6d. the first class, 21s. 8d.; of the second class 
India, Persia, &o.), 28s. 10d.--Naw Tous : D. Van Nosraawn, 28, Murray Street, and 27, Wanren Street. 


ENGINEERS . AND ELECTRICIANS. 
UNION COURT, OLD BROAD STREET, LONDON, E.C. WORKS :—OHARLTON, 
| TELEGRAPHIC ADDRESS: --""JUNO”’ LONDON. 

TELEPHONE No. 1,010. PRIVATE WIRE, CITY OFFICES ale! WORES. 


Submarine Cables, and Contractors for Underground and Arial Telegraphs, | 
Males Trott & Hamilton's Patent Grapnel Rope and Trott & Kingsford’ s Patent Indinating 


PONT Designed and Constructed for the Complete Equipment of Telegraph Cable Factories and rs. 
F Steam and Hand Wire Sounding Machines for Deep and Shallow Water. 


A Apparatus and Material used in the Construction, Maintenance, and Working of LAND LINES, viz, :— 
POLES—Wrought Iron or Composite Poles for Telegraph, Telephone, and Electric Light purposes. House-Top Poles and Fittings. 
INSULATORS—Johnson. § Phillips’ Patent Fluid Insulators, and all kinds of the ordinary form in Porcelain and Brown aa 


INSTRUMENTS.—Morse, Needle, Bells, Galvanometers, and other Testing Instruments. 
Makers of Underground, Aérial, Torpedo, and Field Cables, with Single or Multiple Cores. 


nated Wisin Vln SOk and Coton apd o 
«Lightning Conductors of the approved types 


| Switches, tien, ke. LIGHTING. for immediate 
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Postmaster-General the Indian Government, the principal Ratiway, Telephone. and Mlestrie Light 
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. Bridgewater. treet Iron, Works. 
Salford, Electric Wire Works. . 
Springfield Lane Cable ‘Works 
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Oil Refineré, 
 SOUTHWARK ST 


‘LONDON: 
“Works —EWER STREET. 


17H. 


= 
= 
- 
Es 
+ 
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ON LY OIL used last three years by the largest i al 
Electric Installations in. London, 
| Samples sent on application, 


SUCCESS GUARANTEED. TRIAL SOLICITED. 


Price 2s. 9d. per Gallon. 


Our Oil is now recommended by the principal Ÿ = 2 
_ Electricians, and is also suitable for ee 


SHAFTING, ENGINES, 
‘AND GENERAL PURPOSES. 


ASBESTOS 


For use on “Dynamos and 
High-Speed Engines. 
DOCK 


oor BILLITER ST. 


LONDON, E.C. 
(Late 161, Queen Victoria Street.) 


All Goods are made at our 


LIMITED. 


PIONEERS OF THE ASBESTOS TRADE. 


W in the World owning 


The ONLY COMPANY 


FINE ASBESTOS PAPER, for Dynamos, &c. 
ASBESTOS TUBES & CEMENT, for Electric Light Leads. 
_ASBESTOS FIRE-PROOF PAINT, for protecting wood- 
- Work, troughs for leads, &c. 

ASBESTOS MILLBOARD STRIPS, for ditto, 

FINE ASBESTOS THREAD, for covering wires. 


Works, near London, and are 
of the best possible description. 


Specify “SALAMANDER” Brand. 


Depôts: NEWCASTLE-ON-TYNE, Quay Side: 
MANCHESTER, 84, Deansgate; LIVERPOOL, 


Kah and workin rking Asbestos 47 and 49, South John Street; GLASGOW, 60, 
de BE Mi iv Y ASBESTOS COVERED WIRES. West Howard Street; CARDIFF, Mount Stuart 
© mes in AL . PATENT SALAMANDER LUBRICANT, for Dynamos, &c. Square; BRISTOL, Provident Buildings, Cl: e 


ty, eS and CANADA. 3647 _ PACKING, NON-CONDUCTING COVERING for Boilers,&c. Street; ST. PETERSBURG, Gostinoe Dvor. 


. -, CALEDONIA WORKS, HALIFAX. | 
Contractors to Her Majesty Government & Railway Conrparies 


BEST REFINED THLEPHONE WIRE. 


PATENT GALVANISED TELEGRAPH WIRE. 


COPPER WIRE, hard drawn, high conductivity—long lengths. 


100 Ib. COILS, HIGH CONDUCTIVITY. 
SPECIALITY :—TELEGRAPH WIRE, TO ALL SPECIFICATIONS. 
COPPER WIRE and TAPE for 


Lngutning Conductors, &c. COPPER WIRE, all sizes for covering. Ss WIRE all ee 
ALVANISED HARD STEEL STRAND for Mechanical Telephones. . 


WIGGINS. &-BONS, Et “LONDON, M | C 


Wn. M. ‘FOXCROFT 


Manufacturers of Mica Goods for Philosophical and Lors! purposes. 
(Successor to the late W. Fonoroft, also F. Lucas), 


: NEW AND GHEAP | PATENT LAW. 
| PATENT C T OFFICE. 
|H. GARDNER, 


| 
il PATENT AGENT. 


FLEET FLEET STREET | 


166, FLEET STREET, 


© ON. 
_ SUCCESSOR TO 
Messrs. RoBERTsoN, Booman & Co. 


Pamphlet of-CostsGratis. 
Lhirty-five Years’ special practice wish 


_ Inventions. 


Fall Patent (4 years 


£16 16s. 3184 


Provisional Protection (9 months) : 
£4 ds. 


Telegraph and Telephone Case Manufacturer, 
36, PEROIVAL STREET AND 9, SMITH STREET, 


CLERKENWELL, LONDON, 
| (Offices-PEROIVAL STREET). 


Block, Single N ecdle, Bell, Sounder, 
Photometer, Telephone Cases, Battery Boxes, Roo, ee 


PRIZE MEDALS, LONDON, 1801; PARIS, 1881. = 


E.C. 
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Telegraphic Address: 


TELEPHONE No. 1734. 
“HENLEY’S WORKS,” LONDON, 


TELEPHONE. | TELEGRAPH. 


HENLEY’S TELEGRAPH WORKS 


LIMITED, 
27, MARTIN’S LANE, CANNON STREET, LONDON, E.C. 


_ HIGH TENSION. 


FOR BOARD TRADE RULES 
| 
FIRE OFFICE REGULATIONS. 


“WORKS: 


NORTH WOOLWICH. 


ELECTRIC LIGHT. 


TORPEDO. 
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ELECTRICAL ENGINEERING Co, 


4, VICTORIA MANSIONS, WESTMINSTER. 


The only Positive Feed. 
Reliable Motor Lamp 


in the Market 


Can be burnt in any position. 
All Engineers 

for Street Lighting, _ connected with Central 

Ships and Stations 


interior of premises. should see this Lamp. 


| ALTERNATING CURRENTS. 


FOR DIRECT OR 


Prof. SILYANUS THOMPSON says :—“ This is the Electrical Lamp 


THE FOREIGN & COLONIAL 


4 GREAT STREB'L, LONDON 


Supplied Direct in ITALY, PORTUGAL, HOLLAND, SWITZERLAND, CAPE OF GOOD HOPE, 
INDIA, CEYLON, &c.,and through Licensees in RUSSIA, SWEDEN, NORWAY, DENMARK, 
AUSTRIA, HUNGARY, GERMANY, and the AUSTRALASIAN COLONIES. 


WO rick. 


This Company owns the Letters Patent, granted |} 
in the above Countries to Faure, Sellon, Volckmar [fi 
and others for the construction of SECONDARY | 
es BATTERIES or ELECTRICAL ACCUMU- |} 

LATORS 
See Under these patents (amongst other points) is [iis 
covered the employment of spongy metallic lead, or 
Seema of salts or oxides of lead in any way applied to or | 
packed in interstices of or between lead plates, and 
‘aa the use of perforated, interstical, corrugated, 
roughened and indented plates of whatever shape. 


TRA 
CTION LIGHTING CELL. 


ELECTRIC LIGHTING OF TOWNS AND ELECTR'C TRACTION ON TRAMWATS 


OUTSIDE THE UNITED KINGDOM. 


Write for Price Lists of Storage Batteries, Dynamo-Electric Machinery and Accessories. 
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1000. 


EZ A xz, 
SOLE MANUFACTURERS UNDER LICENCE 
OF 
FLETCHER’S WATCHMANS TELL-TALE 


(As largely used by the L.& N. W. Railway and other Companies), 


THE BLAKEY-EMMOTT DYNAMO, 


WARBURTON AND OROSSLEY’S RELAY. 


EDMONDSON’S CALCULATING MACHINE, 
Silver Medal, Inventions Exhibition. 


BLAKEY, EMMOTT CO. 


E NI G I. A INT D. 

| MANUFACTURERS OF 

MAGNETO BELLS, SWITCH BOARDS, SWITCHES, 
| ANNUNCIATORS, &c., 
BATTERIES OF ALL KINDS. 


_ Single Needle, Block and Morse Instruments. 
INSULATED WIRE, 


SEMAPHORE AND LIGHT REPEATERS. 
ELECTRIC BELLS AND INDICATORS. jx 


J. D. F. ANDREWS & Co., 


41 & 42, PARLIAMENT STREET, LONDON, S.W. 


Switches, Fuses and Fittings. Lists and 
Trade Terms on application. 


& MOSELEY’S } 
PATEHN 


‘POCKET ELECTROMETER. 


A Perfect Ammeter (from 
1-10th to 1,000 amperes), 
1 Wireman’s Detector and 

= Pole Indicator, as well 
as a thoroughly practical 
Volt and Ohmmeter, &c.- 
See “Electrician,” March 
44th, 1890. 


PRICE, Post Free, 2s. Od 


(l'évided to 5 amps., 5 volts, and 5 ohms, 
with a 5-standard ohm resistance coil ) 


h 4 = | 


3706 DIRECT FROM THE MAKER, 


ww. MOSELEY, 82, Montpelier Rd., Peckbam, London 


ARTHUR B. GILL & Co., 
Glectric Light and General Engineers, 
4, BOMBAY STREET, BERMONDSEY, LONDON, S.E. 


Sole Makers of GILL’S PATENT MAIN SWITCHES, which are practically 
everlasting. No sparking on the actual contact pieces. These switches improve 
with using. Makers of the “GILL” DYNAMO AND MOTOR, which are un- 
equalled for cheapness and efficiency. SUPPLIERS OF ALL ELECTRICAL 
REQUISITES. LIBERAL TRADE TERMS, 


Telephone No. 4832. ‘Telegraphte Address: “TORQUE” 3949 


© AH BON Ss. 
H. & F. CHAMBERLAIN, 


Manufacturers of Pure Carbon Points, Tubes, Filters, 
Cells and Battery Plates of every description. 


Telegraphic Address:—“CARBON BARNSLEY.” 3398 


Insulated Wire and Cables 
of every description for 
| Dynamo Machines, Electric 
_ Bells, Telephones, Electric 


Lighting, &., &c 


ELECTRIC 


UNITED ELECTRIC WIRE Co. 


14a, Clerkenwell Green. London, E.C. 175 


M £1 10s. £6 


PER INSTRUMENT. 


THOMAS BARRACLOUGH & OO. Ltd, 


Makers Be Mo all the most Improved Machinery for Electric Wire and 


Covering, Lapping, Taping, Braiding, &e., 


ALSO FOR 
STRANDING AND MAKING COAX. EBEsEsSS OF EVERY SIZE AND DESCRIPTION. 


Globe Works, Rochdale Road, Manchester. 1550 


EX . 
MAKER OF EVERY CLASS OF 
Gevew, Terminal and Gurned Parts, 
Also any Description of 
ELECTRICAL OR MECHANICAL AUTOMATIC MACHINES. 


SOLE MANUFACTURER OF THE ENGLISH REMINGTON TYPE WRITER, … 


All High-Class Machine Work, Turning, Boring, Screw era &e. 
Wheels Cut to 12-inch die in Tron, steel, or Brass fm 


OPEN TO TAKE AGENCY FOR ANY MECHANICAL OR ELECTRIC MAGHINE. 
Wrorks: 34, Eagle St.. Red Lion Square. 


ELECTRICAL 


CASE WORKS, 
5, PHŒNIX PLACE, 
OOLOBATH FIELDS, LONDON, W.0, 


MANUFACTURERS OF 


A Every description of Cases 


BY MAOHINERY 


wh FOR 
TELEGRAPH, TELEPHONE, AUTOMATIC 
M 
And Electrical Instrument Makers. 
CE ul 2 
| MAKERS OF 2968 


THE SCHANSCHIEFF PORTABLE BATTERY CASES. 
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The Crompton-Howell Electrical Storage 
Co., Ltd., have erected, or are erecting, | 


STATION BATTERY, 


in connection with Central Stations, 
supplying 


These Batteries act as a reserve for ds | 
_ above, or will run 


50,000 LAM 


direct without machinery. 


QUOTATIONS FREE. 


CROMPTON-HOWELL 


COMPANY, LIMITED. 
MANSION HOUSE BUILDINGS, LONDON, E.C., 


Works:-NEW DOCK, LLANELLY. 


Telegraphic Address : “ POROSITY,” LONDON. Telephone 1,663. 


| 
AND 
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BEST . WIRE 


"PHOSPHOR BRONZE | 
CASTING 8, 
Phosphor Bronze 

for Springs, Ropes, Screws, 

Rods, Sheets, &c., Bearings, Bushes, 
and other wearing parts 

of Machinery 


BEWARE OF SPURIOUS IMITATIONS, FALSE REPRESENTATIONS, AND INFRINGEMENTS OF OUR PATENT RIGHTS. 


R118 


FUEL ECONOMISER 
STEAM 


5, GREEN & SON, Lid., 


14, ST. ANN’S SQUARE, 
MANCHESTER. | 3387 


PT Wire of Great Tensile Strength 
FE. and High Conductivity for Telephone 


| x 
| Bronze and Silicium Copper 
| ast 
| and Telegraph Lines & other re 
| a 
Electrical purposes, 
| % Of the British and Colonial Patents, O Ba 
| Y 87, Sumner Street, PRE London, S.E. + | + 
| 
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DORMAN & SMITH, 


Manufacturers to 


ELECTRICAL ENCINEERS, 
all the principal Contractors. 


BRAZENOSE ST. 


MANCHESTER, 


INDE x To ADVERTISEMENTS. 


The names of Sucre whose announcements are ordered for a series, are entered under any one Heading in this Index free of charge 
3 but if repeated under other headings, G&. per week is charged for each additional entry. 


A-cumalators. PAGE 


Crompton-Howell Elec. 7 
Drake & Gorham ... 
& Colonial E.P.S.  ... 5 
J. Stiff & Sons (Boxes only)  …. 
\re Lamps. 
He ) olmes & Co. eee eee. 
Johnson & Phillips oe 
di & W. Roper eee eee eee 12 
Simplex Sup. 8 
Statter & Co. eee eee eee 15 
asbestos.—Bell’s Asbestos Co. 
United Asbestos Co. os 
Auctioneers and Valuers (Mechanical). 
Wheatley Kirk, Price & Goulty Sup. 11 


_ Batteries. 


India-rubber, G.P. & Tel. Wks.Co. 20 
Johnson & 
Telegraph Mfg. Co. oe Sup. 2 
Battery Jars.—J. Bourne & Son sé : 28 
ice, Sons & Cy... 

de Stiff & Sons eee see 


Genl. Elec. Co., Ld. (G. Binswanger.) Sup. 10 
Sheppard, Allarton & Madeley .... 


Belting Webb & Son eee 


& Co. Sup. 6 


Ewen & Co.. 


ks. 
"Berly’s Electrical Directory Sup. 14 
Elec. Engineer’s Pocket Book Sup. 14 
Electric Light Fitting Sup. 14 
G. W.& Elec. Ltg. Co. Directory my: 14 
Cabinet Work.—Eclipse Works 6 
. Foxcroft... eco 
Castings.—J & J. Hughes ..  ..… 12 
Phosphor Bronze Co. ... .… 8 
Chemicals.—Boor & Co. eee eee 
ynamos.—Andrews & Sup. 8 
H. Austin ... ‘ies A 7 
Bolling & Lowe _... Sup. 6 
Gülcher Electric Light & P. oo 13 
J. H. Holmes & Co. 
Johnson & Phillips... «+ 
Laurence, Scott & Co. on 
C. Oppermann ... 
C. A. Parsons & Co. 
J. & W. Roper 
Stanley & Davies ... 
J. G. Statter & Co. 
Ebonite. 
Harburg India Rubber Comb Cc. Mi 11 
D. Moseley & Sons... oe 
North British Rubber Co. ioc 29 
Electrical Engineers and 
Acme Electric Works __... 1 
J.D. F. Andrews & Co. ... ‘a 
Anivovs & Preece .. 7 
Appleton, Burbey & ‘Williamson Sup. 18 
Blakey, Emmott & Co.,Ltd. ... 6 
R. Bolton & Co. ... 12 
Callender’s Bitumen Tel. te Co. . 11 
Charlesworth, Hall & Co. . Sup. 16 
Crompton & Sup. 20 
Drake & Gorham ... ee 
Electrical Eng. Corporation 


Sup. 16 


Elliott Bros. 
General Elec. P. & Traction Co. . 
W. T. Goolden & Co. ee. Sup 


India-rubber & Telegraph Works C Co. 20 
Johnson & Phillips coe oe 
Laing, Wharton & Down... 
Laurence, Scott & Co. ... ; 
Paterson & Cooper 19 
Rashleigh Phipps & Dawson... 10 
C. A. Parsons & Co. cee ca 
Poole & White co: 
Reid Bros. eee eee eee eee 


APPEAR ON | 
MISCELLANEOUS ADVERTISEMENTS relating to Situations, Articles for Sale and Wanted, &c., &o., appear on Sup. 11 (middle of paper.) 


Electrical Engineers, saa PAGE 
Ernest Scott & Co. .. as oe 15 
Ronald A. Scott... … Sup. 5 
Sharp & Kent os … Sup. 13 
M. Holroyd Smith .. … Sup. 20 
elegraph Mfg. Co. … Sup. 2 
Western Electric Company 
Westinghouse Electric Co. 


Brush Electrical Engineering Co. 10 
Bernstein Electric Lamp Co. ... 12 
India-Rubber,G. P.& Tel. Wks.Co. Sup. 1 
Johnson & Phillips .. eee eee 1 
Laurence, Scott & Co. ive ais 

' Thomson-Houston ... . ... Sup. 4 

Electric Light Carbons. 

Brush Electrical Engineering Co. 10 
H. & F. Chamberlain... 6 
Genl. Elec. Co., Ld. (@- Binswanger.) Sup. 10 
Johnson & Phillips 1 
Lacombe & Co. … ase 

Woodhouse & Rawson United vic ER 


Electric ht Fittings. 
Smith eee eee eee 9 
Electrical Accessories Co.... ae 
Faraday & Son 10 


Genl. Elec.Co., Ld. (G. Binswanger.) Sup. 10 
Rashleigh Phipps & Dawson... 10 
B. Verity & Sons .... ove 
Walsall Electrical Co. ... 
Engines for Electric Light. 

W. H. Bailey & Co.  … 
Browett, Lindley & Co. 
Davey, Paxman & Co... 
Greenwood and Batley ... 
Marshall, Sons & Co. 


John Musgrave & Sons Sup. 2 
Priestman’s Oil Engine ... si 
Ransomes, Sims & Jefferies ve 
rt ngine 
Willans & Robinson ooo 19 
Engraving.—Gilkes .. 


Fibre.—David Moseley & Sons 
Fire Insurance. 
Phœnix Fire Office 
Fuel Economisers. 
Green & Son... 
Glass Manufacturers. 
Genl. Elec. Co., Ld. (@. Binswanger.) Sup. 10 


incuudescence Lamps. 


Woodhouse & Rawson United ... 11 
{ndia-Rubber e 
India Rubber, G. P.& Tel. Wks.Co. 20 


D. Moseley & Sons 
insulators, &c. & Son ... 13 

Price, Sons & Co. | 

Stiff & Sons . eee eee 

Telegraph Mfg. Co. 
Lubricants. 


W. H. Willcox & Co. 3 
Wsnulacturing Electricians, 

A. Apps Sup. 8 
Dorman & Smith ... où 
Elliott Bros. 2 
Fowler, Lancaster & Co. ‘Sup. 1 11& 12 
J.T. Gent & Co. .... ose 13 
A.B. Gill & Co. ... 
Hartmann & Braun nn 

International Electric Co. Sup. 7 
King, Mendham & Co. ... Sup. 6 
Laurence, Scott & Co. .... ss 

Nalder Bros. 2 


Woodhouse & Rawson United 
| "lectric Light. 


Sunbeam Lamp Co. 


PAGE 
& Co. Sup. 2 
Mfg Co. … Sup. 2 
Walsall lectrical 
Woodhouse & Rawson United ... 11 
F. Zopke À Sup. 16 
Mica. 
K. McGoune, Buchanan & Co. Sup. 12 
F, Wig iggins & Sons eee eee 3 


Motors.—Cuttriss & Co. soe 

= Gülcher Electric “Light & P. Co. 13 

Poles. 
Johnson & Phillips (wood and Iron). 1 


Joseph Aird (wrought Iron and Steel). 2 


Porcelain Appliances. 
Dorman & Smith ... ove 9 
Genl. Elec. Co., Ld.(G. 10 
W. Wood & eee 
Porous Cells.—J. Stiff & Sons 
Pulleys, Shafting, &c. 
_ J. Braithwaite & Son ee 
J. Jardine ... ee sé ‘ids 
G. Richards & Co. ... ose ans 
Railway Signals. 
Saxby & Farmer ... eee w 
‘schools and Classes. 
Electrical Standardising — ra 12 
Owen’s College _... Sup. 12 
School of Telegraphy 
Screws.— Davis & Timmins ... 
Switches. 
Appleton, Sup. 18 
Faraday & 


y & Son eee 10 
Genl. Elec. Co., Ld (G. Binswanger.) Sup. 10 
The Paiste Switch... coe. Sup. 8 


Walsall Electrical Co. 
Woodhouse & Rawson United ... 11 


Engineers. 
Telegraph Mfg Sup. 2 


l'elephones.—Baughan & Co. 


Consol. Tel. _— & M. se Sup. 8 

Stanhope Co 

Universal Telephone Co. . 
l'ools.—Chas. Churchih & Sup. 7 
Cubes.—Joseph Aird ... 
l'urbines.—F. Nell _... 
Vulcanite (see Ebonite). 

«Sup. 6 


wire 
Fowler-Waring Cables Co. pie 
W. T. Glover & Co. oes "+ 
W.T.Henley’s Telg. Works Co. … 4 
London Electric Wire Co. Sup. 1 
Midlaud Electric Wire 
W. eee ee eee eee 
Telegraph Mfg. Co. + Sup 2 
| United lectric Wire Co... ae 
Woodhouse & Rawson United ... 11 
Wire (uncovered). 
Davis & Timmins ... sé 
, Camm & Co. ... 
F. Smith & Co. see eee ee 8 


Wire Covering Machinery. 


T. Barraclough & Co. 


Wood Casings.—S. Elliott ... Sup. 16 
Genl. Elec. Co., a Binswanger.) Sup. 10 
J. F. & G. Harris . és 
Vigers Bros. 
Woodhouse & Bawson United a 
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js ELECTRIC LIGHT FITTINGS. 
Edinburgh Exhibition—sian No. 67. 


INTERLOCKING THE LOCK AND BLOCK. 


e Board of + have again and — ur the necessity of pq | the “Lock” and “Block” systems by actual connection a ny Song aph Instru- 
ments Lockin to effect “inter ry # Puts great improvement, with Supplemen Automatic Train Acti n retiably 


nes, and and bronght ink to age aie on several lin y Messrs. SAXBY & FARMER, under protection of various Patents granted or + el te them, For 
Particulars, P 


_ SAXBY & FARMER, Railway Signal Contractors Canterbury Road, KILBURN, LONDON, N. inf 


Manufacturers of Railway Signals, Cabins, Interlocking Levers, Block Instruments, and Signal Work of every description, Electrical and Mechanical. 


DAVEY, PAXMAN & Co., Engineers, COLCHESTER, 


._ Devote special attention to 


AND BOILERS REQUIRED FOR ELECTRIC LIGHT INSTALLATIONS. 


ba 
8 to 100 HP. nom. PARIS EXHIBITION, 1889. 
Patent Semi-fixed Com und Engine 
P.& Co.’s Engines are the RS D. & Co. have, been awarded 
ea most durable and Sommes a Two Gold Medals and One Siver Me 
moet reliable in the market, Price ond pore for their Steam Engines and Boilers. 


DAVEY, PAXMAN & CO. Engineers, COLCHESTER. 
À Lonpon Orrice: 189, QUEEN VICTORIA STREET, E.C. 2066 


IN CAN DESCENCE LAMES. 


THE BRUSH ELECTRICAL ENGINEERING COMPANY, Ltd., 
hereby give notice that they have acquired the Edison, Lane-Fox, and other 
Electric Lighting Patents, for AUSTRALASIA, INDIA, the CAPE OF 
GOOD HOPE, and NATAL, and that it is an infringement of the rights 
now secured by assignment to them to import, sell, manufacture, or use any 


INCANDESCENCE ELECTRIC LAMPS in those territories, "except 
under their License. | 


All orders for Lamps intended to be used in India, or in the above- 


mentioned colonies, must be referred to the BRUSH ELECTRICAL 


ENGINEERING CO. Ltd., 112, Belvedere Road, LAMBETH, S.E,, 
from whom quotations and full information may be obtained on application. 


Telephone No. 3975. Telegrams: “ DETECTOR, LONDON.” 


PHIPPS DAWSON, 


SHOW Rooms: 58, BERNERS STREET, LONDON, W. 


The Best and most Artistic Show of Fittings i in London. 


ELECTRIC LIGHT ENGINEERS AND CONTRACTORS. 


COMPLETE INSTALLATIONS, OR WIRING ONLY, CARRIED OUT PROMPTLY. ALL WORK GUARANTEED. TRADE SUPPLIED. 


NEW PATENT GMELERN G ROSE, 
Approved by all the Fire Offices and Supply Companies, 1s. 1d. net. ‘‘The most Perfect Ceiling Rose in the market.” 


r 


WORES: WELI.S M EWS, “WwW. 8211 
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THE POSTMASTER-GENERAL AND 
POST OFFICE MEETINGS. 


IN connection with the discussion of the Post Office 
estimates, an interesting debate was opened up last 
week in the House of Commons, when a matter largely 
affecting the liberty of action of all sections of public 
officials coming under the control of the Postmaster- 
General was submitted to severe criticism. 

Some time ago the Postmaster-General issued, what 
were termed, new regulations, under which -those 


_ engaged in the departments under his control might 


hold public meetings—these regulations were spoken 
of as being a relaxation of an official order dated 1866. 

From the surprise evinced publicly and officially at 
the discovery of this comparatively ancient document, 
and its subsequent amendment by the Postmaster- 
General, there can be but little doubt that thousands 
of those directly interested had never heard, or even 


dreamt of, such a regulation. The heads of depart- 


ments, too, were in precisely the same state of happy 
ignorance, and the intelligent being who succeeded in 
resurrecting the almost unknown order of 1866 from 


some dusty, neglected, and probably all but forgotten 


official sarcophagus, will feel that he, at all events, 
deserves well of his Queen and his country. : 

The obsoleteness of this practically unused tool was 
too palpable, however, to even a Postmaster-General, 
and though it was put before the Post Office depart- 
ments in a sort of “ this is what it could be” style, the 
amended order was adopted as the standard by which 
all future “staff ” meetings would be*gauged. 


_ We have referred to the order of 1866 as practically . 
unused. No instance has been quoted in which its | 


application has been resorted to. The Postmaster- 
General, indeed, confessed that, to his surprise, its 
existence had been ignored ; but we go further than 
this, and say its existence was unknown ; and previous 
events prove this to be true. It cannot be said that it 
could not have been used in the past twenty years, for 
there have been several movements in various grades of 


the Postal Service, notably, amongst postmen, sorters, 


sorting clerks, telegraph clerks, and savings bank 
clerks, and these movements, at all events, extended to 
as far back as 1872. In 1881 a strong agitation, fully. 
justified by results, and which made ‘its existence ‘felt 
throughont the country, occurred in the telegraph — 
service. Prof. Fawcett, the Postmaster-General at that 
time, did not restrict-in -any way a movement which, 
we believe we are correct in saying, he regarded, and 
even spoke of, asconstitutional. Whatever was thought 
of the progress of the events by the higher departmental 
officials at that time, and, in some instances, their 
hostility was not disguised, it is a matter beyond dis- 


pute that free public meetings were not only general, 


but recognised as the legitimate channel for gaining 
public attention, and most people will fail to see why 
this should not be the case now. In 1881,the order of 
1866 was conspicuous by its absence ; and even if it 
still lingered in the minds of a few, ‘whieh we doubt, it 
was looked -on:as obsolete and old-fashioned. Though 
the Postmaster-General holds strongly that he has acted . 
in ‘an equitable it to those under him, still, the 
questionable advantages conferred by what will be re- 
garded by many as a fair spécimen of official tinkering, 
do not seem to have won the hearts of those who are 
inclined to go into the subject, and few will be:sur-. 
prised at their non-conversion. At such meetings in 
future no one is to be present save those in the service 
—whatever their status may be. ‘This seems to be 
specially aimed at those public men whose presence is 
so often a tower of strength to causes in which many 
of those interested expect and seek an outside:stimulus. 
But this restriction is double edged. If it deprives 
one side of friends and councillors it does the same to 
the other. Will the Postmaster-General say, for in- 
stance, that the presence of two or three earnest and 
moderate members of Parliament, or even other public 
men, at some of the recent meetings in connection 
with the mismanaged postmens’ movement would not 
have averted the unfortunate catastrophe which unwise 


‘and hasty action engendered? Would not their in- 
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fluence have held in check, for example, what has been 
aggressive and suicidal zeal on the part of an indi- 
vidual, or ot at the head of the Postmen’s 
Union ? 

The telegraph clerks’ movement, too, may afford 
another case in point. After conducting a series of 
meetings in 1889, some with the aid of members of 
Parliament whose moderate and rational councils have 
always prévailed, and some without, nothing being 
kept from the public Press, which is surely a reliable 
medium of information and: discussion, they, too, were 
brought under the provisions of the Postmaster-General’s 
amended order. 

To them assuredly the position was most unpleasant, 
especially after their unfettered experiences of 1881, 
and it may have been felt that the Postmaster-General’s 
regulations were more irksome than he had any inten- 
tion of making them. 

There can be no doubt that in many quarters thig 
restriction is considered harsh and arbitrary, and though 


the Postmaster-General repudiates all such intentions 


we cannot say that, even with the majority of the 
House of Commons on his side, he has made out a 
good case ; on the contrary, we question the wisdom 
and expediency of his action. | | 

The Postmaster-General also requires a statement of 
the business to be discussed at public meetings, and 
sends an official reporter to take verbatim reports of all 
speeches and the names of the speakers. A number of 
meetings have been held under these conditions, and 


the Postmaster-General professes to be satisfied with 


the results of his innovation. His satisfaction, we 
imagine, is scarcely shared by his subordinates. 

To a few meetings, indeed, he has not deemed it 
necessary to send the “ official reporter,” and the ab- 
sence of this doubtful advantage has not led to any- 
thing more startling than an expression of surprise. 


that the rian should have panes his 


own rule. 
The also urges ‘that he requires 


true accounts of what is said, so that grievances and > 


complaints of all kinds may be thoroughly understood 
and properly considered. He may attain these ends by 
his plan, but we have heard from not a few in various 
departments that they would be delighted to have the 


Postmaster-General in person at their meetings, though 


they object naturally enough to the “ official reporter.” 
This ingenious if not ingenuous explanation would 


_ lead many people to imagine that such a thing as a free 


public press had no existence in these islands, or if it 
did exist, that its power as an advocate and mediator 
was practically inert. Happily, its power needs no 
demonstrating. It is mighty in its fearless trinity of 
advocation, mediation, and criticism. 

It must be palpable to everyone that in the hands of 
officials antagonistic to public meetings, public discus- 


sion, and public sympathy, the Postmaster-General’s 
regulations are capable of being used in a most despotic 
_ and tyrannical manner, under which officialism would 


become invested with an aggressive as well as a repres- 
sive power, a menace to the one side ang a danger to 
the other. Public opinion would remedy these matters, 


‘office. 


danger. 


but this might not be done until individuals had 
suffered. 

On the other hand, under a generous observance of, 
and a fair adherence to, those constitutional principles : 
which the Postmaster-General has expressed himself so 
anxious to encourage, little if any sense of a loss of 
constitutional right would be felt by those who had 
substantial and practical questions to ventilate. } 

Nevertheless, the era of such Draconian rules has — 
certainly passed away, and, under the circumstances, 
many will regret that the order of 1866 was not rele- 
gated for ever to that official obscurity under which it 
had enjoyed the advantages of nearly a quarter of a 
century's rest and peace, its bare existence apparently | 
unsuspected by quite a number of Her Majesty’s Post- 
masters-General. | 


WE are sadly in want of a set of 
standard rules for fire risks which 
would prove accepiable both to in- 
surance offices and electrical contractors. As neither 
the Phoenix rules nor those compiled by the Institu- 
tion of Electrical Engineers satisfy the require- 
ments, much uncertainty and considerable annoy- 
ance, to contractors particularly, result. Not long 
since a firm of electrical engineers notified to a fire 
office that a certain installation was about to be 
fitted up, and a request was also made for the office to 
inspect, if it was thought desirable, insurance being 
effected also with another company. In reply, a letter 
was received from the inspector, asking for particulars, 
samples of leads, and enquiring whether the work was 
being carried out in accordance with the rules of his 
The contractors sent the conductor specimens, 
and an intimation that the installation had been carried 
out in the usual manner. They did not wish to commit 
themselves to any given rules, lest anything occurred 
afterwards by which they, through a technical objec- 
tion easily raised on behalf of the fire office, might be 
held liable. The next episode in this little comedy of 
errors was the receipt of a letter by the contractors 
which their own client had received from ‘the fire- 
office. To their surprise the document commenced by 
informing the recipient that in consequence of the 
numerous fires from electricity that have occurred, and 
the liability of electricity to suddenly cause fire with- 
out the least warning in any part of the house where 
the conductors run, it would be readily understood 
that the fire office was particularly desirous of ascer- 
taining what precautions had been adopted against 
Moreover, it was stated that the only reason 
for troubling the gentleman to whom it was addressed 
was because the contractors had refused to give any in- 
formation as to the manner in which the installation 
was carried out, an assertion which, on the face of the 
correspondence was, to put it mildly, a perversion of the 
truth. What the upshot of the business is we do not 
know, but the incident shows clearly that there is con- 
siderable friction between fire offices and contractors, 
and the sooner they can transact their mutual affairs on 
a basis suitable to both so much the better for the con- 
sumers of electrical energy, who do not desire to be 
troubled with the quarrels of those whom they engage 
to supply them. Furthermore, when a fire office asserts 
that there have been numerous fires from the use of 


Fire Rules and 
Regulations. 


_ the electric light, and that there is a liability to this 
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danger at any time and without warning, it becomes 
desirable in the public interest that these facts should 
be known without delay. Captain Shaw recently re- 
ported that the fires in London from electric lighting 
amounted to three only during the years 1888 and 1889. 
Hither he is right and the fire office wrong, or there 
must have been many conflagrations from this cause in 
the provinces, of which we have never heard. How- 
ever this may be, we think electrical contractors might 
with advantage agitate for a set of rules which would 
enable them to carry out their work on some tangible 
basis, and steer them clear of the whims or caprices of 
inspectors, who are too often in I with each 
other’s regulations. 


IN the REVIEW for July 1lth we 
published an abstract of a paper, read 
| by Mr. Arthur F. Guy, entitled “ Shall 
Gas Undertakings supply Electricity ? Yes.” Mr. 
Guy, who seems to be a very young man, and was pro- 


Gas Works and; Electric 
Lighting. 


bably carried away by the enthusiasm of youth, argued 


that gas companies were favourably situated in all 
respects for undertaking the supply of electrical 
energy ; but a perusal of the remarks made by Mr. 
Stewart, the President of the North British Association 
of Gas Managers, entirely dissipates this idea. That 
the latter gives-the correct view of the situation is 
certain, but it would be interesting to our readers to see 


_ how Mr. Guy proposes to combat the matured reason- 


ing of his more experienced antagonist. 


IN our issue of March 14th we com- 
mented somewhat strongly on the 
highly-coloured statements which had 
come before our notice respecting the immense advan- 
tage of introducing a hydro-carbon vapour into the 
electric arc. 
be increased, but we doubted the practicability of the 
methods adopted to regulate the supply of hydro- 
carbon. Moreover, so far as the principle of the inven- 
tion was concerned, we showed clearly enough that it 
was of many years standing. Our views were per- 
fectly correct as the mechanism of the lamp then stood, 
but since that period Mr. Apps, the well-known 
scientific instrument maker, who has been indefatigably 
introducing improvements in rapid succession in the 
Saunderson arc lamp, appears to have overcome what 
then proved serious obstacles to its practical operation, 
in an entirely successful manner. The method of pro- 
ducing the extremely small supply of vapour necessary 
has now been reduced to a matter of the greatest sim- 
plicity, and credit is due to the inventor who gave Mr. 
Apps carte bianche to proceed as he pleased for the per- 
tinacity with which he has stood to his guns in the face 
of innumerable difficulties. Accompanied by Mr. Apps 
a few nights since, we wended our way to a metro- 
politan railway station, where a Brockie-Pell lamp, 
fitted with Saunderson’s carbons, had been for some 
weeks regularly working in series with a number of 
Brush arcs. Naturally, in the absence of proper appa- 
ratus, we were unable to compile any definite photo- 
metric data; but by roughly measured shadow tests 
and other simple means, we had little difficulty in 


Improvements in 
Arc Lamps. 


perceiving that the light was much superior to that 


given by each of the others—at least half as much 
again. The cost of producing this extra luminosity, 
Mr. Apps informed us, does not exceed 6 per cent. on 


the price of ordinary carbons, and it is proposed to sup- 


illustrates a distinct phase of Socialism, 


We freely admitted that the light would 


ply the hollow carbons with the hydro-carbon attach- 
ment, which are made to suit any lamp, to the trade 
generally, on the basis of a very small royalty onthe. 
market price. This is a wise course to pursue, and 
doubtless Mr. Saunderson will reap much more benefit 
from universally dealing with lamp makers than by 
the course of promoting a company to exploit and 
introduce his invention as an improved lamp, such as 
at one time seemed probable. His greatest sphere of 
operations, we imagine, will be found in America and 
in certain continental countries, for the development of 
arc lighting here is slow and tedious in the extreme. 


OUR friend, the Electrician, is, to 
put it mildly, a trifle shaky in its poli- 
tical economy. Having advocated in 
the strongest terms the purchase of the telephones by 
the State, Mr. H. W. Fawcus has written, putting the 
truth before our contemporary in language pretty 
similar to what we used in our leading article a fort- 
night since. The Electrician now declares itself 
utterly opposed to Socialism, but qualifies the declara- 
tion with the remark that the position of the Post Office 
is no more one of State Socialism than is the War Office. 
Whether the monopoly of letter carrying and tele- 
graphing by the State is justifiable need not be here 
considered, but there is no doubt that its existence 
while the posi- 
tion of the War Office is a very different matter. It is 
the function of the State to protect the citizens from 
foes abroad and friends at home if need be, to dispense 
justice and enforce rights between man and man, thus 
maintaining a condition of things under which 
individual enterprise may develop and secure its due 
reward, The War Office undertakes to deal with the 
foreign foe, but it isscarcely necessary that for the pro- 
tection of individual interests at home the State should 
carry the citizens’ letters, deliver their telegrams, or 
keep telephonic bureaus open. In fact, our contem- 
porary fails like a good many others to distinguish 


State Control and 
Telephony, 


‘between what the State ought to do and what it should — 
let alone, between the duties for the performance of — 
which it exists and the affairs with which it has no | 
Though the Electrician declares loudly — 
- enough for “no Socialism,” due to that extraordinary | 
obliquity of vision which distorts political views gene- _ 
rally, it sees nothing subversive of its principles ina — 
letter-carrying monopoly, in State controlled tele- — 
graphy, in Government subsidies to newspapers, or in — 


business. 


officially managed telephony. The principle of Indi- 


vidualism is approved, and as that of Socialism has been | 


disavowed, it becomes conveniént to call schemes : 


essentially socialistic in their character and scope, by | 


another name. So our contemporary regards the sup- | 


ply of electricity as a commercial undertaking, but the — 


supply of telephonic facilities as a State affair. 


thought for the time expedient. 


REFERRING to the projected tele. { 


competition at Manchester, our | 

contemporary, in the same article to 
which we refer above, says :—“ For our part we cannot | 
help thinking that one of its first and chiefest difficul- 
ties will be to obtain the licence of the Postmaster- | 
General.” Would it surprise our contemporary to know 
that the license is already granted ? 


Given | 
a political creed, it is always easy to find excuse for 
an infraction of its tenets should such infraction be | 
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EXPERIMENTAL PROOF OF HELMHOLTZS 
RELATION. | 


THE difference between the chemical and the electrical 
energy of a cell is equivalent to the product of the 
absolute temperature with the change in the difference 
Of potential, with the change of temperature, or, in 
other words, with the temperature coefficient of the 
cell. This is the theory enunciated by Helmholtz some 
time ago. According to this hypothesis, if the chemical 
energy of any given cell is greater than its electrical 
energy, the temperature coefficient is negative ; whilst, 
on the other hand, if the electrical energy of the cell is 
greater than its chemical energy, the temperature coeffi- 
cient is positive. 

It is evident, on considering this theory, that if the 
temperature coefficient can be ascertained, it may at 
once be determined whether the chemical energy of 
the cell is only partially converted into electrical 
energy or whether the electrical energy of the cell is in 
excess of its chemical energy. 

Experiments to prove Helmholtz’s relation between 
the secondary heat of a galvanic element and its 
temperature coefficient were undertaken a short time 
ago by H. Jahn, who afterwards published his results 
in a paper which may be read in Poggendorf’s Annalen 
der Physik und Chemie, Series II, Vol. xxviii., page 491. 

‘The cells examined by Jahn were silver and silver 
nitrate with lead and lead nitrate, and with copper and 
copper nitrate respectively. The-solutions were made 


up to a strength represented by the following for- 


mula :— 
(M'h; (NO3). + 100 H,0 


when M’ stands for the metal employed. NO, for the 


“ nitrate” part of the salt, and H,O for water. 
Jahn was successful in obtaining a number of exceed- 
ingly interesting results, of which we may briefly 


allude to certain that are typical. 


The chemical heat of a galvanic element is obtained 
from the formula— | 


Q=W —-aJ(A —-Jo)t 
in which the letters bave the following siguificance. 


W = The heat evolved in the cell. 
a = The heat equivalent of unit of work. 
J = The current intensity in amperes. 
A —Jo= The difference of potential of the electrodes. 
{ = The duration of the experiment. 


The value obtained from this formula for Q, the che- 
mical heat of the galvanic element, agree closely with 


| those obtained from thermo-chemical data. 


If Q’ stand for the current heat and S for the 


secondary heat, then the secondary heat is given by the 


equation— 


S=Q-Q' 


that is to say, the chemical heat, less the current heat, | 


gives the secondary heat which is compared with that 
obtained by calculation from Helmholtz’s relation. 
Here are some specimens which illustrate this and 


at the same time show the accuracy of Jahn’s experi- 


menial work :— 


ELEMENTS. 
‘ | 

Results. Ag Ag» (NO), Pb (NO Pb. 
E.M.F. eee eee = 0 932 
Chemical heat = §0°870 
Current heat = 42-980 
Secondary ( Found de = 7950 
Heat (Calculated ... = 7/890 

B 

Results. Ag», Ags (NOs), Cu (NOs)o, Cu. 
E.M.F. eee eee eee = 0°458 
Chemical heat = 30°040 
Current heat = 21°120 
Secondary ( Found = 8920 
Heat Calulated = 8920 


These investigations into the equivalence of chemical 
energy and current energy have been supplemented 
quite recently by F. Streintz who has contributed an 


_ excellent paper to Poggendorf’s Annalen der Physik 


und Chemie, Series II., Vol. xxxviii., p. 514. 

In this paper he discusses Helmholtz’stheory, and gives 
the results of an elaborate series of experiments under- 
taken by himself, and especially calls attention to his 
experiments with a silver-mercury cell and its relation 
to temperature. 

Streintz observed some time ago that a cell composed 
of the following elements— | 


Ag | Ag, SO, | H, 80, | H, 


bas an electromotive difference of potential of zero at 
the ordinary temperature. This was not explained at 
the time, but he now finds that the phenomenon is due 


to the fact that a change from positive to negative takes | 


place here in the temperature coefficient, and that this 


change takes place at a certain temperature, T,,at:which — 


the difference of potential, 7, is equal to zero. 
Hence it follows that if a silver mercury cell be 


plunged into ice-cold water, the silver forms the posi- 
tive pole, whereas when the element is transferred to 


hot water, the mercury forms the positive pole, and 
the silver becomes negative. 

Streintz has used this interesting cell in testing the 
theory of Helmholtz, which is briefly enunciated at the 


commencement of this paper, and he finds that there isa 


perfect agreement between the theoretical deductions of 
Helmholtz and his own experimental results. For the 
numerical data we must refer our readers to the 


original paper. 


THE ELECTRIC LIGHT AT BOMBAY. 


[FROM A CORRESPONDENT. | 


THE late Municipal Commissioner of Bombay last year 


-advertised for tenders for the electric lighting of the 


city. These advertisements appeared in the two Bom- 
bay dailies, in some of the leading English papers, and 
in some American journals. Five tenders were sent 
in, particulars of which have been inserted in the 
Bombay papers. | 

The first of these was from Siemens Brothers, of 
Berlin. This company offered to erect and supply for 
£40,000 a complete generating plant and system of 
underground leads adapted for 5,000 glow lamps, 16 
candle-power, but excluding cost of opening up streets, 
house, and street lamp connections. | . 

Crompton & Co. proposed two alternative schemes 
for arc and glow lights respectively. The former plan 
would comprise 41 arc lamps of 2,000 candle-power, at 


80 yards apart, the machinery in duplicate, but the site 


and machine house to be supplied by the municipality. 
Their prices are stated in such a manner as not to be 
ee | comparable with the tender of Siemens Brothers 
and Co. 

Laing, Wharton and Down propose an arc light 
system, including 33 lights for the road from the Apollo 
Bander to the Crawford Markets and 20 in the markets. 
The lights are to be each of 2,000 candle-power, and to 
be charged for at the rate of £32 a lamp annually for 
two years, £30 if for three years, and £29 if for seven 
years. 

Ganz & Co., of Buda-Pest, offer to light those parts of 
the Crawford Markets where gas is now used, with 14 
arc lamps and 32 glow lamps of 25 candle-power each. 
They offer also to light the road from Crawford Market 
to the Apollo Bunder, Church Gate Street, and Elphin- 
stone Circle, with 144 glow lamps of 25 candle-power 
placed 164 feet apart on opposite sides of the road. In 
addition they would supply 32 arc lights and illuminate 
the Clock Tower. The present amount of light now 
given in the streets is 2,800 candle-power ; their glow 
lamps alone would give 3,600 candle-power, and the arc 
lamps 12,800. The annual charge would be 80,000 Rs. 
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Finally, the Orient Electric Light Company proposed to 
light the markets and the streets above-mentioned 
(except from St. John’s Church to Colaba point), for 
two years with 650 lights of 16 candle-power. Their 
charge would be 5 pice per light hourly. 

At a meeting of the Standing Committee of the 


Municipal Corporation, held June 25th, it was agreed 


that the commissioner be requested to prepare a special 
report on these schemes, and that he be authorised to 
apply to Government for the services of an electrical 


engineer, and also to expend any sum not exceeding . 


1,000 Rs. in making any needed scientific enquiries, 


AN EXPERIMENTAL PROOF OF OHWM’S LAW, 
PRECEDED BY A SHORT ACCOUNT OF 
THE DISCOVERY AND SUBSEQUENT VERI- 
FICATION OF THE LAW.* | | 


By Prof. ALFRED M. MAYER. — 


I PURPOSE giving in this paper a simple and direct 


experimental proof of Ohm’s law ( C= a) Generally 


a ncre formal statement of this law, with illustrations, 
are given in text books on physics, and the student is 
left to infer that its truth is shown by the cumulative 
evidence given by the immense number of quantita- 
tive relations in electrical actions which the law 
associates, and by the experience that deductions made 
on the basis of this law agree in measure with the 
results of experiments. The latter fact is certainly one 
of the best proofs of the truth of the law; but, never- 
theless, the relations between C, E and Rare not directly 
and simultaneously shown to be exactly expressed by 


= It is true that some works give experiments to 


show this relation, but they are so difficult to perform 
by reason of the difficulty of maintaining constant C, E 


and R, that the results of the experiments only approxi- — 


mate to those required by the law. 

Ohm was led to the conception of this law by asswm- 
ing that the flow of electricity in a voltaic circuit is 
similar to the flow of heat by conduction in a rod of 
indefinite extent. Also, his assumptions that the 
actions of two electrified particles are directly as their 


distance, and that the electricity is uniformly dense over 


each cross section of a conducting wire, were directly 


opposed. to the laws and facts well established by © 


Coulomb for statical electricity. It is not surprising 
that scientific men were slow in adopting the views 
and theory of Ohm. In his memoir (Die galvanische 
Kette mathematisch bearbitet von Dr. G. S. Ohm: 
Berlin, 1827) he states:+ “Three laws, of which the 
first expresses the mode of distribution of the elec- 
tricity within one and the same body, the second the 
mode of dispersion of the electricity in the surround- 


ing atmosphere, and the third the mode of appearance ~ 


of the electricity at the place of contact of two hetero- 
geneous bodies, form the basis of the entire memoir, 
and at the same time contain everything that does not 
lay claim to being completely established. The two 
latter are purely experimental laws ; but the first, from 
its nature, is, at least, partly, theoretical. 

“With regard to this first law, I have started from 
the supposition that the communication of the elec- 
tricity from one particle takes‘place directly only to the 
one next to it, so that no immediate transition from 
that particle to any other situate at a greater distance 
occurs. The magnitude of the transition between two 


adjacent particles, under otherwise exactly similar cir- 


cumstances, I have assumed as being proportional to 
the difference of the electric forces existing in the two 
particles ; just as in the theory of heat, the transition 


* American Journal of Science. 
t See translation, published in Vol. II. of Taylor’s Scientific 
Memoirs, p. 402. London, 1841. 


of caloric between two particles is’ regarded as propor- 
tional to the difference of their temperatures, It will 
thus be seen that I have deviated from the hitherto 
usual mode of considering molecular actions introduced 
by Laplace, and I trust the path I have struck into will 
recommend itself by its generality, simplicity, and 
clearness, as well as by the light it throws upon the 
character of former methods. | 

“ With respect to the dispersion of electricity in the 
atmosphere, I have retained the law deduced’ from ex- 
periments by Coulomb, according to which; the’ loss of 
electricity in a body surrounded by air, ina given time, 
is in proportion to the force of the electricity, and tb a 
coefficient dependent on the nature of the atmosphere. 
A simple comparison of the circumstances under which 


~Coulomb performed his experiments, with those at pre- 


sent known respecting the propagation of electricity, 
showed, however, that in galvanic phenomena the influ- 
ence of the atmosphere may almost always be dis- 
regarded. In Coulomb’s experiments, for instance, the 
electricity driven to the surface of the body was engaged 
in its entire expanse in the process of dispersion in the 
atmosphere ; while in the galvanic circuit the electri- 


city almost constantly passes through the interior of the | 
bodies, and consequently only the smallest portion can — 


enter into mutual action with the air; so that in this 
case the dispersion can comparatively be but very in- 
considerable. This consequence, deduced from the 
nature of the circumstances, is confirmed’ by experi- 


ment ; in it lies the reason why the second law'seldom 


comes into consideration. 
“The mode in which electricity makes its appear- 
ance at the place of contact of two different bodies, or 


_ the electrical tension of these bodies, I have thus ex- 


pressed :—When dissimilar bodies touch one another, 
they constantly maintain at the point of contact the 
same difference between their electroscopic forces 
(potentials). 


“ With the help of these three fundamental positions, 


the conditions to which the propagation of electricity 
in bodies of any kind and form is subjected may be 
stated. The form and treatment of the differential 
equations thus obtained are 80 similar to those given for 


the propagation of heat by Fourier and Poisson, that 
even if there existed no other reasons, we might with | 
perfect justice draw the conclusion that there exists an © 
intimate connection between both natural phenomena ; | 
and this relation of identity increases the further we © 


pursue it. These researches belong to the most difficult — 


in mathematics, and ‘on that account can only gradually 
obtain general admission ; it is therefore a fortunate 
chance that in a not unimportant part of the propagation 
of electricity, in consequence of its peculiar natute, 
those difficulties almost entirely disappear.” 

From these premises, aud gtided by results of exp2ri- 
ments made by him and by Ritter, Erman, Jager, Davy 
and Becquerel, he arrived at the following conditions 
as existing in a voltaic circuit. 3 

1. In a homogeneous conductor; forming part of a 
voltaic circuit, the difference of the electric tensions at 
any two points of the conductor is proportional to their 
distance. 


camer 


- — 


ges 


2. In different conductors forming part of a circuit, © 
the difference of tensions at two points separated by an — 


interval equal to the unit of length is in the inverse 
ratio of the section of the conductor and of its côeffi- 
cient of conductivity. 3 
equal differences of tension correspond to lengths whose 
electric resistance is the same. 

3. At the point of contact of two different conduc- 
tors, there is a sudden variation of electric tension. 

4, 1f A equals the sum of the electromotive forces, L 
the resistances, À the resistance reckoned from a point, 
m, of the circuit to a point, p, when the tension is 
zero, the tension at the point, m, is given by the for- 
mula, 


U = À 
L 


Hence, in different conductors, | 


A 
eventually arrives at the formula which. 
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expresses what is generally known as his law. Which 
formula, he says, “ is generally true, and already reveals 
the equality of the force of the current at all points of 
the circuit ; in other words, it may be thus expressed : 
The force of the current in a galvanic circuit is directly 
as the sum of all the tensions, and inversely as the 
entire reduced length of the circuit, bearing in mind 
that at present by reduced length is understood the 
sum of all the quotients obtained by dividing the 
actual lengths corresponding to the homogeneous parts 
by the product of ‘the corresponding conductivities and 
sections.” 

The words “tension” (Spannung) and “ electromo- 
tive force ” used by Ohm are the equivalent of the word 
potential. He was the first to introduce this concep- 
tion into the theory of the voltaic circuit and to the 
above words and to current and resistance he attached 
precise meanings and showed the relations existing 
between those quantities. The clear definitions Ohm 
gave of these terms marked a transition from vague 
ideas of “ quantity ” and “ intensity ” to the clear con- 
ceptions of potential, electromotive force, current and 
resistance. The word energy he also used with clear 
and accurate meaning, as is shown in the following 
statement: “ That the decomposing force of the circuit 


is in direct proportion to the energy of the current, and, 


moreover, that it depends on a coefficient, to be derived 
from the nature of the constituent parts and their 
chemical equivalents.” This was published in 1827, 
six years before Faraday’s researches on electrolysis. 


energy of a given current would be spent in this way, 
would require a far more perfect knowledge of the 
dynamical theory of bodies than we at present: possess. 
It is only by experiments that we can determine the 
laws of processes of which we do not understand the 
dynamical theory.” 

Surely, if an experiment, that is easily made, shows 
the truth of a law of such theoretical and practical im- 
portance as that of Ohm, even if it is one restricted in 
its range of C, E, and R, but shows within its limita. 


tions the relations © = = then it should be made by — 


all teachers of physics so that clear physical concep- 
tions of those relations may be given to students. As 
those who have seen these experiments have deemed 
them worthy of being more generally known, I now 
publish an account of them. 

In the diagram, fig. 1, the parts of the apparatus are 
shown, but not at their relative distances apart or in the 
proper proportions as to size. G is alow resistance 
Thomson galvanometer. At L is the condensing lens of 
a lime-light lantern, which is covered with a cap 
having a rectangular opening it. Across the middle 
of this slit is a vertical wire. The scale of the galva- 
nometer is at C, distant 165 cms. from the mirror of the 
galvanometer. The width of the divisions on this 
scale are 2°5 cms., and the lines are drawn 2°5 mms. in 
breadth, or -;th the distance apart of the centres of the 
lines forming a unit of the scale. The scale is at such 


Fig. 1. 


Neither Ohm nor his contemporaries were able to test 
the truth of the four statements given above as embody- 
ing Ohm’s theory. It was reserved for Kohlrausch in 


1849 to show by very ingenious and accurate experi- 
{ ments that Ohm’s statements were true in mode and in 


measure. Kirchhoff* and Quinckef applied with 
success Ohm’s theory to the flow of electricity in thin 
conducting plates, or bodies of two dimensions, and the 
same was done by Smaasen,} not only in a plane but in 
bodies of three dimensions. The most remarkable con- 
firmation of Ohm’s law was made in 1876 § by experi- 
ments suggested by Maxwell and performed by Chrystal 
in the Cavendish Laboratory, Cambridge, “in which the 
testing of this law seems to have been carried to the 


limit of experimental resources.” 


Though Ohm’s law has thus received such ample 
verification that it ranks with the best-established laws 
of nature, yet, as Maxwell says: “ Ohm’s law must, at 
least at present, be considered a purely empirical one. 
No attempt to deduce it from pure dynamical principles 
has as yet been successful. . . The conduction of 
electricity through a resisting medium is a process in 
which part of the energy of an electric current, flowing 
in a definite direction, is spent in imparting to the mole- 


_ cules of the medium that irregular agitation which we 
_ call heat. 


To calculate from any hypothesis as to the 
molecular constitution of the medinm at what rate the 


* Pogg. Ann., t. lxiv., 1845, and t. Ixvii., 1846. 
+ Pogg. Ann. t. xcvii., 1856. 

t Pogg. Ann., t. lxiv., and t. Ixxii. 

$ Brit. Assoc. Rept., 1876, p. 36. 


Fra. 2. 


distance from the galvanometer mirror that the image | 


of the vertical slit just fits in the space of a scale unit, 


while the breadth of the image of the vertical wire is 


exactly equal to the breadth of a scale line. This 
arrangement givesthe means of observing a deflection of 
the beam of light to th and .!;th of a unit with quick- 
ness and accuracy. 

The image of the slit is so bright and that of the wire 
so distinct that this method of observing deflections of 
the galvanometer may be used in broad daylight 
and the deflections may be read throughout the room. 

An incandescent electric lamp with a part of its sur- 
face (behind the plane of its filament) silvered may 
replace the lime light. Thanks to this arrangement, I 
have been able during many years to make before my 
class electrical measurements, and to measure the radia- 
tion, reflection, refraction, diathermancy, and polariza- 
tion of radiant heat. | 

At M is a magnet 25 cms. long and 14 cms. in dia- 
meter. On this magnet slidesa wooden disc. At R is 


box containing 1, 2, and 3 ohms of resistance, made of 


coils of copper wire. 

An insulated copper wire wound at its middle ina 
circle of one coil, or in a spiral of any number of 
coils is placed over the magnet and rests on the top of 
the wooden disc. Fig. 2 shows (one-half size) how 
this circle of one coil is made. It is bent around a 
wooden cylinder 34 cms. in diameter, and then the free 
ends of wire are bent one-half turn on each other. The 
free lengths of the wire are then lashed to a light square 
rod of wood, as shown in figure. The wire and rod are 
then coated with shellac to cement them firmly to- 
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gether. Rings of spirals of 2, 3, 4, 5 and 6 coils are 
also made in the same manner, but the coils are in 
spiral, 7.¢.,,in one plane, and are then cemented together 
with shellac between rings of thin card-board. 

The length of wire forming each of these rings of spiral 
coils with the portion on its handle is one meter long. 

The resistance of this length of wire, added to the 
resistance of the lengths between it and G and R, to- 
gether with the resistance of the galvanometer is (for 
convenience) made one ohm. | | 

It may be well here to speak of the adjustment of 


the galvanometer before describing the experiments, 


for I have noticed in some laboratories and lecture 
rooms galvanometers which are used not as they should 
_be. I have noticed tbat the damping magnet formed 
a considerable angle with the plane of the coil. This 
was either because the medium plane of the coil was 
not in the magnetic meridian or because there was con- 
siderable torsion in the suspending thread. 

In these galvanometers, or, at least, in mine, the 
median plane of the coil is placed parallel to the faces 
of the drum of the instrument. The plane of one of 
these faces is brought in the magnetic meridian of the 
room, which has been carefully drawn on the table 
under the vertical centre line of the galvanometer coil, 
by means of a long magnetic needle mounted like 
those used on plane tables. A line at right angles to 
this meridian is now drawn so that its point of inter- 
section with the meridian line shall be exactly under 
the suspending thread of the mirror. In the vertical 
plane of the line, drawn at right angles to the meridian, 
is placed the vertical wire in the slit of the lantern, L, 
and also the zero line of the scale, C. The scale is 
parallel to the magnetic meridian. The galvanometer 
is now placed in the position given above, and the 
“ directing magnet ” removed to a distance. The image 
of the vertical wire at L will now be found on the zero 
of the scale if there is no torsion in the suspending 
thread. If it does not come to zero then the head of 
the rod to which the thread is attached is turned till 
* image of wire coincides with zero of scale, and then 
the instrument is in adjustment, and it will give deflec- 
tions as the tangents of the strength of current, or, in 
other words, the current. strength will be directly as 
the readings on the scale. The magnet, M, is now 
placed so that it causes no movement of beam from 
the zero of the scale. The directing magnet, above the 
coil, is now so adjusted that the time of an oscillation 
of the magnet of the galvanometer is above five 
seconds. 

The coil, E, over the magnet is put in the circuit of 
Gand R. The wires between E and Gand R are twisted 
and tied together, so that no induced current from the 


earth’s magnetism may be caused by the motions of. 


this part of the circuit. The image of wire is on 
zero of scale. Now on rapidly. lifting the coil from 
around the magnet, a deflection is produced by the 
magneto-electric current thus generated. !t is sufficient 
to know that the cause of this current is the quick lift- 
ing of the ring with one coil. If we replace this by a 
ring of two coils, we get twice the deflection, and rings 
of 3, 4, 5 and 6 coils give 3, 4, 5 and 6 times the deflec- 
tion given by the ring with one coil. Adopting the 
conception of the lines of magnetic force, we say that 
the ring with one coil cuts a certain number of these 
lines, this cutting of the lines causes the current, and 
is the electromotive force. The ring with two coils 
makes two cuts of these same lines, or, cuts double the 
namber of lines, the rings of 3, 4, 5 and 6 coils cut 3, 
4,5 and 6 times the number of lines, and hence give 3, 
4, 5 and 6 times the electromotive force. 

In these experiments the resistance of the circuit has 
remained constant. Now take the ring with 5 or 6 
coils, and let us have one ohm as resistance of circuit. 
On lifting ring from magnet we get a certain deflection, 
which we may make exactly equal to a whole number 
of the units of the scale by sliding up or down the disc 
on the magnet. We now take out plug of resistance 
box, and make the resistance of the circuit two ohms. 
The deflection of the galvanometer magnet now be- 
comes one-half of that of previous experiment, and 


successively making the circuit with resistances of 3, 
4, 5, 6 and 7 ohms, we get ird, }th, 4th, ith and 1th of 
the deflection we got with one ohm in circuit. 

When these experiments are made with the galva- 
nometer in perfect adjustment, and with the precau- 


tions indicated below, the deflections arrive one after 


the other exactly as the law requires, thus showing, 
with sufficient precision for a lecture experiment, that 
the current is directly as the electromotive force, and 
inversely as the resistance. Indeed, generally, the 
closest scrutiny does not detect in the scale reading any 
departure from the law. 

Certain precautions are, however, necessary in these 


experiments. The resistance outside the galvanometer | 
must be of copper wire, for such is the wire of the gal-. 


vanometer. Also, the whole of the apparatus must be 
put together the day before we make the experiments, 


and the room maintained at as constant a temperature 


as possible, so that the temperature of all parts of the 
apparatus is the same. The deflections should not ex- 
ceed 15 divisions of the scale. Thus, if we start with 
15 divisions of deflection for a resistance of one ohm 


we will get 75, 5, 3°75, 3, 2°5, and 2‘143 deflec- 
tions for resistances of circuit of 2,3, 4, 5, 6 and 7 ohms ; 


and if with a constant resistance we obtain a deflection 


of two divisions of scale with a ring of one coil, we 


will get deflections of 4, 6, 8,10 and 12, with rings 
having 2, 3, 4, 5 and 6 coils. 


Itis necessary thatthe coils should be removed from the | 


magnet very quickly, otherwise the deflections will not 
be as the law requires. 
produced should be as instantaneous as can be obtained. 
Instead of rapidly removing the coils by the hand, I have 
sometimes lashed the coil and their handles to a spring- 
board with a hole in it, which went over the magnet. 
By a trigger this spring-board is released. We thus 
get the same velocity in lifting the coil in each experi- 
ment. We have found, however, that the hand of a 
good experimenter gives precise results. Sometimes I 


In other words, the currents 


have sent the coil from the magnet by the blow of a. 


coil at its centre of percussion. There is no doubt 
some departure from the law in these experiments, for 
it is not possible in such experiments to obtain what is 


understood by instantaneous currents ; and the damp- 
ing of the magnet by the mirror acting on the air must 


come into play. Yet I have never seen any but insig- 


nificant and barely discernible departures from de-. 


flections required by the law. This follows from the 
small angles of deflections and low velocity of the 
motion of the galvanometer magnet in the experiments. 


stick delivered on the under side of the handle of the 


It is also to be noticed that with a good magnet of the — 


size stated, and with the galvanometer making one 


vibration in about five seconds, the coil with five turns © 


passes over only 2 cms., or less, of end of magnet, in 
order that it shall give a deflection of 15 divisions of 
scale. It is evident that in these conditions a very 
short time is occupied in cutting the lines of force. 


scale, the actual angular deflection of the magnets and 
mirror amounts to only 6° 29’. Yet 15 divisions is 
quite a length on the scale, being equal to 37:5 cms. 
But these experiments may be as readily made with a 
ballistic galvanometer. Then the magnets and coils 
have to be of larger dimensions. 
Experiments similar to those given have served to 
graduate galvanometers. We have here the means of 
sending definite amounts of currents through an 
ordinary galvanometer, and we may thus graduate its 


angular reading into their relative values in current. | 


The damping of the galvanometer has, however, to be 
applied to the readings, and then the results may best 
be put in the form of a curve. 
Stevens Institute of Technology, 
Hoboken, N.J. 


If 
the maximum deflection used is 15 divisions of the 


Ozone.—Mr. Ernst Fahrig is the author of a paper in ; 


the Chemical Trade Journal for the 19th ult., entitled : — 
—“ The phosphorescence produced upon the first con- — 
tact of ozone with certain fluids.” 
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. SOME POINTS ABOUT ALTERNATING 
| CURRENTS.* | 


By Prof. H. 8. CARHART. 


THE extensive use of alternating: electric currents in 
the transmission of energy for the purpose of lighting 
and, to a limited extent, for power, necessitates a more 
general and exhaustive study of their action than for- 


merly. Alternating current dynamos were early in the 


field, but their importance was not fully apprehended till 
after direct current apparatus had come into extensive 
use, not in fact till transmission at high voltages for in- 
candescent lighting was made possible by the applica- 
tion to alternate current circuits of the inverted induc- 
tion coil, called a transformer or converter. Since then 
alternating current apparatus has come rapidly to the 
front, and many eager investigators have made brilliant 
applications of it to practical purposes. : 


The phenomena of alternating currents are so totally | 


different from those of direct currents that the elec- 
trician, whose conceptions touching electrical action 
have been largely derived from the application of 
Ohm’s law, finds himself entirely unable to compre- 
hend alternate working till his views have been modified 


by an attentive consideration of many new and per- — 


plexing facts. 
The first of these facts is self-induction, which plays 
no part in direct current working except on opening or 


closing the circuit, but which is exalted to a plane of 


prime importance with alternate currents. It is to 
Prof. Joseph Henry that we owe the first clear ap- 
prehension and lucid explanation of this interesting 
phenomenon. 

When a simple periodic E.M.F. is applied to a circuit 
so disposed that its different parts act inductively upon 
one another, then this E.M.F. does work, not simply 
against the ohmic or ordinary resistance of the con- 
ductor, by reason of which heat is generated, but also 
against a counter E.M.F. of its own creating. We are 
familiar with this division of work when power is 
transmitted to an electric motor. The impressed 
E.M.F. then meets with ohmic resistance generating 
heat, and with a counter E.M.F. in the motor, the 
armature of which revolves in a magnetic field, and, in 
virtue of this counter E.M.F.,a part of the energy ap- 
plied to the circuit is converted into mechanical work 
at the motor. Energy may thus be stored up by means 
of the counter E.M.F. arising in the motor. 

In an analogous way when energy is applied to an 
alternating current circuit a part of it is lost in heat, 
and a part is alternately stored up in the magnetic field 
and again restored to the circuit. A small portion in 
practical working, probably a very small portion of the 
energy, is transmitted outward into space as electro- 
dynamic waves with the velocity of light. 

Such a circuit possesses two qualities, resistance and 
inductance. The former is a property by virtue of 
which the passage of a current is accompanied by the 
irreversible transformation of electric energy into heat ; 
the latter is a property by virtue of which the passage 
of a current is accompanied by the absorption of energy 
in the form of a magnetic field. A part of the energy 
spent on the conductor is frittered away in irrecover- 
able heat, while the other part is associated with the 
circuit is a recoverable form. When the applied elec- 
motive force diminishes or ceases altogether, this stored- 
up energy operates to carry the current forward. On 
account of self-induction a current appears to possess 
inertia, and so resists any change tending in either the 
direction of increase or of decrease. A flywheel, to 
which the turning force is applied to increase the 
angular velocity, is the mechanical analogue. Suppose 


_ no resistance except friction opposes the motion of the 


wheel. Then a part of the energy applied is converted 


into heat by friction, and apart. is stored up in the 


motion of the wheel in a recoverable form, to be given 
out or restored when the turning force is withdrawn. 


* Western Electrician, 


the force. 
_ tion and force applied in the other, the wheel is doing 


The effect of the inertia of the wheel is to resist the 
force tending to increase angular acceleration, and to 
keep up the motion of the wheel in the positive direc- 
tion when the twisting force is withdrawn. So the 
inertia or self-induction of a current opposes any 
change either of increase or decrease in the current. 
It does more ; it continues the current in the positive 
direction even after the impressed E.M.F. is withdrawn. 
If the force applied to the fly wheel is gradually brought 
to a zero value, and is then gradually applied with in- 
creasing intensity in an opposite direction, the wheel 
will continue to turn in the positive sense after the 
force is applied in the negative sense. 
the phase of the wheel’s motion lags behind that of the 
applied force, its zero occurring later than the zero of 
During this period of motion in one direc- 


work on the agent applied to it. While the angular 
velocity of the wheel is increasing, the agent is doing 
work on the wheel, and the wheel is storing up energy. 

In quite the same way when a simple periodic E.M.F. 
acts on an inductive circuit, the current lags behind the 
E.M.F. in phase. It reaches its maximum value after 
that of the impressed E.M.F. by an interval equal to the 
angle of lag expressed in time, and passes through its 
zero value at an equal interval of time later than the 
zero of E.M.F. | 

Hence there arises a second fact worthy of particular 
attention. The maximum current never reaches a value 
equal to the maximum E.M.F. divided by the resistance 
of the circuit, but falls short of this by a quantity 
depending upon the coefficient of self-induction and 
the rapidity of alternation. By the coefficient of self- 
induction is generally meant a constant, L, such that the 
product of this constant and the rate of increase or 
decrease of the current is the E.M.F: of self-induction. 
By Ohm’s. law the current equals the E.M.F. divided by 
the resistance ; with alternating currents in an induc- 
tive circuit the maximum current equals the maximum 
E.M.F. divided by a quantity R? + L? p’, in which R is 
ordinary resistance, L is the coefficient of self-induc- 


tion or the inductance, and p equals hs ; T being the 


period of alternation. The above expression is now 
often called impedance, or sometimes “ apparent re- 
sistance.” | 

Another noticeable difference between direct and 
alternating currents is that while with the former the 
rate of doing work is the product of the current and 
the E.M.F., or C.E., in the latter the mean activity is 
half the product of the maximum E.M.F., the maxi- 
mum current and the cosine of the angle of lag, or 


1 
gy E C cos, ¢. When the angle of lag is, zero the 


activity is a maximum, or : EC. When the lag is 90°, 


or a quarter of a period, the activity is zero. Thus we 
have the remarkable combination of a periodic E.M.F. 


applied to a circuit, a periodic current flowing through 


it, and still no work done upon the circuit. “In this 
case there is no frictional dissipation of energy, but 
simply a give and take of energy between the magnetic 
field and the source of energy supplying the E.M.F.” 
Thus the mains of an alternating circuit may be joined 
by a conductor of such high inductance, that approxi- 
mately no energy will be transmitted across from main 
tomain. Such is the case with a so-called “ choking 
coil,” or with a transformer when the secondary circuit 
is open. | 

Another point to which the electrician may profitably 
devote extended contemplation is the measurement of 
electrical quantities on alternating circuits. Several 
devices have been invented to serve as current integra- 
tors, notably those of Mr. Shallenberger and Elihu 
Thomson ; but these are instruments serving rather for 
the commercial purposes of central station work than 
for scientific measurements of precision. The Siemens 
electro-dynamometer, when properly made of approxi- 
mately non-inductive resistance, serves for the measure- 


In other words, 


| 


| 
| 
| 
| 
| 
| 
| 
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ment of the mean square of the current. It can be 
shown that the square root of this mean square is equal 
to the maximum value of a current, following the 
simple periodic law, divided by the square root of two. 

To measure voltages the ordinary high resistance 
instruments will not answer at all, because they have 
high inductance. The Cardew voltmeter, which acts by 
the heat expansion of a straight wire, and some form of 
electrostatic instrument are the only device serving for 
the measurement of a simple periodic E.M.F. These 
again measure the mean square or the E.M.F., and this 
bears the same relation to the maximum E.M.F. as the 
mean square of the current bears to the maximum cur- 


rent. Hence the product of these two quantities equals 


E C 


=. Neither of these instruments, however, gives 


2 


any indication touching the important angle of lag, and 
therefore they give no information respecting the elec- 


trical energy in the circuit, nor of the alternate storing | 
and restoration of energy by means of the magnetic | 


field. Dr. Louis Duncan has measured the efficiency 


of a transformer by means of a huge calorimeter. This 


method is undoubtedly accurate if carefully applied, 
but it is scarcely simple enough for general laboratory 
use. Much remains to be done in this direction. 

Very much might be said in favour of electric light- 
ing by alternating currents. Scientific tests have shown 
that the efficiency of such a system is notso high as its 
promoters would have us believe. Its. great and un- 
doubted advantage lies in its ability to transmit energy 


to a distance at high voltage, transforming to low 
voltage at the points where the energy is to be utilised 


in lighting. For high voltage means small conductors 
and economy in transmission, and low voltage at the 
glow lamp is a necessity. 


FURTHER NOTES ON THE CAUSES OF 
DEATH BY ELECTRICITY. 


By DR. EDWARD TATUM. 


[ NOTICE with pleasure that my results with dogs fully 
bear out the inference drawn by MM. Brouardel and 
Bourott from their human autopsies, namely, that 
death from electricity is really initiated by cardiac 


arrest. I must say, however, in regard to autopsies in — 


general, made after accidental electric shocks, that I do 
not think any (reasonable) number could be convincing 
as to the fundamental mode of death ; for while their 
number might be large enough to include every lesion 
that electrical discharges could cause, yet, when several 
serious lesions appear in one autopsy, there is no way 
of knowing either the order in which they have been 


_ produced or, in fact, that any one of them has really 


been necessary to the fatal effect. I have, therefore, 
always thought that the only satisfactory mode of ap- 
proaching the question would be one in which the 
action on different organs and functions could be dis- 
criminated in order of time. 

It now seems certain that (with the animals and con- 
ditions that I have employed) cardiac arrest is invari- 
ably the real initiation of somatic death—no matter 
how strong the current may have been, nor what lesions 
of fatal dimensions may have been caused during the 
same application. 

Permit me to review, very briefly, how I have reached 


this point, and how I have made an important further | 


advance. 

I started out with the object of finding the seat, and 
if possible the character, of the lesions by which electric 
currents might kill dogs. 

I first eliminated the factor of general injury to 
muscles and nerves by showing that they could retain 
their physiological functions not only after the applica- 
tion of a current sufficient to produce somatic death, 


* Electrical World. 


+“ Annales d’hygiéne publique et de médcine légale,” April, 1885. 


but even after the direct passage through their sub- 
stance of currents of more than tenfold the density that 
the fatal current had averaged in the neck. Neither 
was the blood discoverably changed by the direct ap- 
= to isolated portions of it of equally dense cur- 
rents, | | | 

I next eliminated the agency of the respiratory 
mechanism as a necessary factor by showing, on the 
one hand,.that its functions might be retained and 
exercised even for several minutes after the heart had 
executed its last beat ; while, on the other hand, I never — 
succeeded in definitely arresting respiratory movements 
before the heart also had stopped. This I considered a 
most positive and important advance, for it eliminated 
from the inquiry everything except the central nervous | 
system and the heart. 

Lesions of the central nervous system were dropped 
from the account on the following grounds :—1. There 
is no cardiac centre in the cehtral nervous system in the 
sense that there is a respiratory centre, such, namely, 
that the continuance of the heart’s activity depends on — 
the integrity of the centre, and ceases upon the destruc- 
tion of the centre. 2. I have apparently passed, with- 
out fatal result, through the eucephalon alone, con- 
siderably stronger currents than have traversed it when 
the chest has been included in a fatal circuit. 3. No 
increase in dose seems to be required, either with con- 
tinuous or alternating currents, to arrest the heart after . 
it has been separated from the central nervous system 
by the section of both pneumo-gastric nerves. | 

The only remaining modes that suggest themselves in 
which electric currents can arrest the action of the heart 
are three :— | 

1. By some action on the muscular substance of the 
heart, by which this muscle is directly deprived of the 
peculiar physiological property of originating its auto- 
matic beats. | 

2. By a stimulation to physiological activity of the 
nervous inhibitory mechanism of the heart, which has 
normally a restraining power over the heart. | 

3. À joint action, in which the two foregoing share 
the responsibility. 

The part played by physiological inhibition is very 
clearly shown in the experimental results that I gave in 
the paper above-mentioned. I there contrasted the 


. effects of battery currents (which deliver their electric 


energy with the least possible amount of nervous exci- 
tation) with rapidly alternating currents, which are far 
more efficient nerve excitants. The result was, as there 
stated, that the later currents proved also far more effec- 
tive in arresting the heart. | | 
That the whole of this difference in killing power is 
accounted for by the difference in nerve-exciting power 
is shown by the fact that, when the nervous mechanism 
was paralyzed in ether narcosis, the difference in effici- | 
ency between the two sorts of currents vanished, while 
the efficiency of the battery current was not reduced. 
While with alternating currents the nerve-exciting 
property is responsible for at least more than half the 
result (since that is the lowest possible estimate of the 
fatal superiority of these currents), still this property is 
very probably not responsible for the whole of the mis- | 
chief, since even in this case the currents must reach a — 
certain very respectable density in order to kill. ‘| 
With battery currents, however, it seems clear that at — 
least nearly all the mischief is done directly to the heart — 
muscle, since the different conditions under which they | 
have been used have failed to show distinctly any factor — 
that could be set down to nerve stimulation, A more | 
direct and striking evidence, however, may perhaps be — 
found in two experiments where I used dogs profoundly : 
poisoned by curare. | ! 
This drug has the remarkable power of entirely | 
emancipating from nervous influence (at least as far as — 
experiment and inference can determine) all the red or | 
striped muscular fibres in the body. When a dog is 
under its influence natural respiration is abolished | 
together with all possibility of voluntary movement. | 


‘This is not from any paralysis of the muscles, since } 


they respond actively enough to direct electrical stimu- ; 
lation of their substance, but from the fact that they ; 
| 
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are cut off from the nervous direction, which they need 
in order to perform any natural action. 

The heart muscle differs from all other red muscles 
in being what is called automatic ; that is, it originates 
its own activity, and its contractions are not started by 
any nervous influence (though they are in the normal 
state unquestionably greatly modified by the nervous 
mechanism pertaining to the heart). The heart is, 
therefore, not directly stopped by curare; but, if 
artificial respiration is practised, it will go on beating 
regularly and vigorously until the poison is eliminated 
and the animal recovers. 

Yet under this poison the animals succumbed to just 
about the same current density as when ether alone was 
used. 

_. These, then, are the conclusions that I think I have 
legitimately established, for the animals and under the 
conditions mentioned :— 

1. That, in death which follows an electric shock so 
quickly as to be called sudden, the heart is arrested as 
soon as, or sooner, than any other serious lesion of tissue 
or function is produced. 

2. That, when a battery current is used, this cardiac 
arrest is brought about almost exclusively by some 
direct action upon the muscular substance of the heart, 
whereby its power of automatic contraction is lost. 

3. That, when a rapidly alternating current is used, 
this cardiac arrest is brought about certainly very 


largely through the physiological cardio-inhibitory © 


mechanism, although even here the direct action 
on the muscular substance is probably not without 
importance. 

It is not yet known whether electrical currents, 
applied as I have described, produce a discoverable 
| histological change in the heart. I have therefore not 
ventured to formulate the physical process by which 
the heart muscle is caused to lose its distinctive 
physiological functions. Perhaps that will have to be 
left to electricians. Probably the complete explana- 
tion—since it involves the as yet undefined relation 
which subsists between the physical and physiological 
properties of living matter—is yet a great way off. I 
am not without hopes, however, of being able to throw 
additional interesting physiological light upon the 

matter. 


PROF. LODGE’S COMMUNICATION ON 
“ALTERNATIVE PATH” EXPERIMENTS. 


| By S. ALFRED VARLEY. 


THOSE who regard language as an instrument for word 
fencing will possibly find much to admire in the com- 
munication of Prof. Lodge that appeared in the last 
issue of the ELECTRICAL REVIEW. | 

Prof. Lodge does not condescend to reason ; he speaks 
from an elevated pulpit, and seems to expect our igno- 
rance to accept unquestioned the utterances of superior 
wisdom. Atthe same time, with the true instinct of an 


able artist, he delicately veils and tones down, with 


learned phrases, what, if only analysed, will be 
found to be little more than ipse dixits. I fear that 
I myself too often run into an opposite extreme, 
and tear to tatters what Iam discussing by an over- 
anxiety to give a reason for everything; but I do 
my best to express myself in common-sense, under- 
standable language ; and those who read to learn will 
give me the credit, I think, of having seriously thought 
out what I venture to write about. | | 
Now, in the journalistic correspondence which has 
occasionally occurred between Prof. Lodge and myself, 
‘he has never condescended to reason, and he seldom 
speaks from a level platform ; the consequence is I 
cannot get into touch with him, and, from no fault of 
my own, I become forced into a more or less antagonistic 
attitude. Circumstances, combined with traditions, 
have tended to make me unconventional; I do not, 
therefore, fit properly into either the square holes or the 


round holes society delights in, and every-day experi- 
ence teaches me that not to be of a shape recognised by 
orthodox Cults is the unpardonable sin which can never 
be forgiven. 

Prof. Lodge has, however, in his last communication 
shifted his ground a little, and I am thankful for small 
mercies. He now tells us that the spark observed at B 
is a derived spark. I agree with him that it is a derived 
spark, and I venture to say it is derived from the 
demagnetisation of the metallic path, and that it repre- 
sents the percentage of energy transformed into mag- 
netism in overcoming inertia, and which becomes © 
temporarily occluded in the path, at the time the 
Leyden jar discharge is occurring.* Now, having 
reached this stage, I find myself in a position to connect 
in an intelligible manner the spark at B with the inertia | 
phenomena of all closed electric circuits, and’ what I 
observe both in galvanic as well as in dynamo circuits 
helps me to understand what happens when a Leyden 
jar discharge takes place through a metal path ; and, 
further, as all knowledge reacts I have been able to 
clear up in my own mind certain difficulties in con- 
nection with the transmission of rapid alternations 
through conductors by studying what is observed 


_ when Leyden jars are discharged through metal paths. 


Now, I dare venture to assert that neither Sir William 
Thomson nor Prof. Lodge will take upon themselves 
to say, in clear unambiguous language, that I am wrong 
in attributing the spark seen at B to current developed 
in the conductor during the act of demagnetisation, 
and in saying, as I do, that this spark arises simply 
from the completion of the circuit through the short 
air space that separates the metallically disconnected 
ends of the wire loop; but at the same time, if the 
truth be told, these two distinguished physicists would, 
I believe, do almost anything rather than admit the 
soundness of my conclusions, for to do so would be | 
tantamount to admitting that I have successfully 
stormed an important stronghold of the newer theory. 

Prof. Lodge says in his communication that the 
current of a Leyden jar is very strong whilst it lasts, 
but he gives no reasons why it isso, and in such matters 
as these the writings of Prof. Lodge and those of mine 
contrast very strongly ; what he has put forward simply 


_ asa statement I have demonstrated, and I believe I am 


the only physicist who has ever undertaken the task of 
doing so. I have shown the connection that exists 
between ordinary Leyden jars, decomposition cells, 
plating baths, storage batteries, and voltaic cells, and I 
have pointed out that a charged Leyden jar is fairly 
comparable to a voltaic couple whose internal resist- 
ance approaches the infinitely great, and yet, for reasons 
developed in my articles, a Leyden jar discharge com- 
ports itself during an infinitely short interval of time 
as a voltaic cell whose internal resistance approaches the 
infinitely small. Men such as Faraday considered 
themselves to be simply students somewhat older in 
experience than their pupils, and their efforts were 
directed to setting their pupils thinking ; but all this 
has been changed since certain mathematical physicists 
have claimed to be the authorities in electrical science. 
In place of reasoning, we have authoritative statements 
from scientific gods, and it is considered the rankest of 
heresy to question in any way the sensational utterances 
they from time to time thunder forth. | 
Now, my contention is that I have fairly analysed 
Prof. Lodge’s so-called alternative path experiments ; 
and I say that these experiments performed by himself 
demonstrate, as clearly as experiment can demonstrate, 
a scientific fact that Leyden jar discharges pass through 
the mass of a conductor. I further say, as I have 


_ already stated in my criticism of Sir William Thomson’s 


paper, that what was observed when a cold cylindric 
iron frame, forming two paths for the alternations to 
pass through, was placed in the electric welder, did not 
suggest in any way a crowding of currents in the outer 
skins. 


* Reasons have been given at length in the course of the 
articles, and I have connected, by consecutive reasoning, all that I 
have published, 
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The communication of Prof. Lodge, published: in 
Industry, has reference to my criticism of Sir W. 
Thomson’s paper, but he passes wholly unnoticed the 
experiment I laid the most stress upon, as bearing more 
directly on the matter at issue, viz., the crowding of 
transient currents in the outer skins of conductors ; and 
now Prof. Lodge expresses surprise at my taking excep- 


- tion to his having done so. In my articles I have 


analysed self-induction, and I have pointed out that on 
the assumption that my explanation is the true one, the 
inertia resistance of iron should become reduced after 
a red-hot temperature has been reached. I believe I 
am right in saying that no one but myself has hitherto 
given thought to this matter, and I have not yet had an 
opportunity of verifying it. Prof. Lodge now says if is 


80, no reasons are given, and I am not credited with © 


the suggestion, but the giving me any scientific credit 
is what he and those brother professors of his, who not 


so very long ago opposed me in the law courts, are evi- 


dently very unwilling to do. Sir William Thomson, 
in the Court of Sessions, Edinburgh, took credit to 
himself for having become possessed of a shunt ma- 
chine in 1880, He said that next to nothing was known 
of such machines at that period, and the burden of the 


song sung by the three professors was that as they them- | 


selves knew very little indeed about shunt machines 
even in 1880, how was it possible for Mr. Varley to 
design an advance on such machines in 1876. 

It is no good pummelling straw, as Prof. Lodge 


remarks, and the leading horses to a stream if they do 


not desire to drink is about as useless. The fact that 


_ the ELECTRICAL REVIEW, in which the communication 


of Prof. Lodge-aprears, also contains the judgment 
lately given at the Court of Appeal at Edinburgh in the 
compound winding case, I hail none the Jess that it is 
purely accidental. My claims as a discoverer, which cer- 
tain of our mathematical physicists have been doing their 
very best to ignore and to spirit away, have now been 
triumphantly sustained in two law courts. The judg- 
ment given in the Court of Sessions declared the 
evidence of certain highly-distinguished professors to 
be neither reasonable nor fair. The Court of Appeal 


_ has confirmed this judgment and expressed its surprise 


that a number of able and distinguished men “ should 
have been persuaded ” to give the evidence they did. 
I have no desire to prolong this discussion. I shall 


repeat, as soon as I am able, the accidental experiment — 


of Lord Armstrong, to which Sir William Thomson has 
imparted so much importance; but I think it quite 
possible that in the mean time we may have promul- 
gated some more of what Prof. Lodge has so happily 
termed “unique corrections of formulæ.” 


GAS WORKS AND ELECTRIC LIGHTING. 


AT the annual meeting of the North British Association 


of Gas Managers, held at Perth last week, Mr. 8. Stewart, 
in the course of his presidential address, said :—Having 
had the experience of supplying a section of Greenock 
with the electric light for a couple of years, I am able 
to speak somewhat confidently of the possible results 
ofa gasworks furnishing electriclighting. In Greenock, 
I may explain, we fitted up two dynamos, each equal to 
100 incandescent lamps of 20 candle-power ; and they 
were driven by a turbine water-wheel and gearing. 
Only one dynamo was run at a time; but both could 


have been worked if there had been a demand for 


the light. The plant was erected on ground belonging 
to the Water Trust some two miles from gasworks ; 
and it was complete in all respects and provided with 
necessary testing apparatus. Some 25 incandescent 
lamps were employed in the streets—being put into the 
ordinary gas lanterns ; and part of a sugar refinery was 
fitted up with 85 incandescent and two arc lamps. The 


whole of the mains and cables were carefully laid under 
skilled supervision, and worked with entire satisfac- 


tion. During summer only one man was employed ; 
but in the winter months another was taken on 
during the daytime, renewing and repairing the lamps, 
&c. Something like 1,000 yards of cable and 2,500 
yards of wires were laid, including branch services to 
lamps, all put underground. The wires were double 
lead-covered, having high insulation, safety fuses, and 
distributing boxes. The district lighted outside the 
Water Trust ground was about 300 yards long by 100 
yards wide. The total outlay on plant was £1,630 ; 
wages and working expenses came to about £150. per 


_ annum, exclusive of interest, depreciation, cost of super- 


vision, and power. Had these been included, as in the 
case of gas supply, the expenditure would have been 
three times this amount. The sugar refinery was fitted 
up by the proprietor at a cost of upwards of £200 for 
the 85 incandescent and the two arc lamps. They paid 
the Gas Trust about £100 per annum for the supply of 
electricity, and 10s. per week to a man for looking after 
their lights. The expenses for one year, as estimated 
by the proprietor—including 5 per cent. on the outlay 
for wires and lamps, the renewal of the lamps and 
carbons, the payment to the Gas Trust, wages, &c.— 
amounted to £175; while their gas account for the por- 
tion of refinery lighted by electricity came to about 
£125. Finding, after a second year’s experience, that 
their expenses were increasing, they decided to give it 
up and return to gas lighting. The Greenock Police. 
Board, objecting to go on incurring an annual outlay 
for the few remaining lamps, stopped the experiment. 
If they could have induced parties to fit up a number 
of lamps equal to the full power of. the dynamos and 
plant, their yearly expenditure would not have been 
proportionately increased; that is to say, supposing 
consumers fitted up the plant within their premises, 
and maintained it and attended to the renewal of the 
lamps. It is evident that the electric light cannot be 
supplied at anything like the cost of gas. Gas is the 
light of all classes of consumers; but the electric 
light, from its excessive cost, can only be the luxury of 
the rich. | 

As to the advisability of gas companies furnishing 
the electric light, it must be borne in mind that, from 
the expensive nature of the plant required, the capital 
necessary to supply a whole town would be so great 
as to prevent this being done ; and all that an electric 
light company would do would be to select those parts 
of a town where there were shopkeepers willingto use 
it for advertising purposes, or whose stocks were such 
as would be injured by the products of combustion or 
the heat of gas, or where there were wealthy people 
willing to have the light for the novelty of the thing. 
Where gas is sold as cheaply as it is in most towns, 
there is no risk of the general adoption of the electric | 
light. The introduction of the light must be sogradual | 
that the natural increase in the consumption of gas | 
which takes place in most towns would prevent its | 
effect on the demand for the older illuminant being © 
injuriously felt. 

There is no part of a gasworks plant that can be © 
utilised for the production or supply of electricity. © 
The cost of laying cables from a gasworks to the locality . 
proposed to be supplied would, in most cases, be 80 : 
large that it would be necessary to erect plant in the : 
immediate neighbourhood of the district. If a gas | 
company were to take in hand the supply of the electric 
light it would necessitate putting capital into a new | 
business having special plant and skilled labour, and | 
supervision entirely different from a gas business. In : 
order to make it pay active competition with the gas | 
business would be needed; and one need hardly add | 
that this can scarcely be done by those who find it | 
requires all their energies to make gasworks pay, and | 
at the same time provide a cheap and efficient light. 
In my opinion the supply of electricity should be left in ; 
the hands of those companies who specially take in hand | 
such work, and gas companies should no more trouble, 
themselves with it than they would with the supply of} 
oil to those who prefer to burn this illuminant instead, 
of gas—oil being a much more active competitor than; 
electricity. 
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EDINBURGH EXHIBITION. 


(Continued from page 41.) 


French Electrical Court.—The interesting collection 
of exhibits from the Paris Exhibition, for which the 
French Electrical Court was specially erected, was 
open for inspection for the first time on the 10th 
July, and is now almost complete. One side of 
the building is wholly occupied by the exhibit of the 
Société Générale des Téléphones, consisting of a very 
fine collection of instruments, cables, and exchange 
switchboards. The Administration des Postes et Télé- 
graphes also contributes a number of instruments and 
specimens of the different cables under its jurisdiction. 

he Northern of France Railway Company have laid 
down rails upon which is shown the manner of working 
railway points electrically, and they also exhibit an 
electrical capstan for working waggons and turn- 
tables. M. Clemancon shows his distribution boards 
and other specialities for theatres, as fitted by him in 
five of the Paris houses. There is also to be seen here 
a section of the Canalisation Electrique Crompton. 
The Société Cance show a variety of arc lamps ranging 
from 50 ampères to six, as well as a number of switch- 
boards. The Cance lamps are also to be seen lighting 
the stand of Messrs. Prentice, Napier & Co. (No. 30). 
Messrs. Cauderay & Frager have a number of Frager’s 
patent electricity meters suited to various require- 
ments. M.J. O0. Mouchel is an exhibitor of his high 
conductivity copper wire already made well-known in 


this country by his agents Messrs. Davis and Timmins. 


Amongst the other exhibitors are Ch. Milde (bells, 
indicators, telephones), Richard Fyéres (electrical and 
other self-recording scientific instruments), Societe 
er QE (dynamo, cables), Sautter-Lemonnier (search 
ight). 

Telpher Railway.—As stated in a former issue this 
line was opened on the occasion of the visit of the Lord 
Mayor of London last month. It has been constructed 
by the Electrical Engineering Corporation (not the 
Electric Construction Corporation as erroneously 
printed in our former reference), There are now two. 
trains running, each consisting of 3 carriages, and each 
carriage is constructed to hold six persons. 
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_ railway on the overhead conductor system, in course of 
construction by the same Corporation, was not ready 


for business, but it is now running. 

No. 70.—Mr. Wilson Hartnell shows one of his 
latest type dynamos of 18,000 watts, driven by a 
horizontal steam engine, of Marshall, Sons and Co., 


On the 
occasion of the visit of the Institution the electric 


k 
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fitted with Hartnell’s patent automatic expansion 
gear. The machine gives 110 volts and 163 amperes 
at 960 revolutions. 7 

The magnets are made of the softest annealed 
wrought iron planed all over, and the spindle is 24 
inches in diameter, running in bearings of ample 
length. The commutator is exceptionally large and 
specially suitable for continuous running. The brush © 
adjustments are novel and very convenient. This 
machine lights up the stand by some 30 16-C.P. lamps 
and 6 of 100 C.P. each. It also lights up two adjoining 
stands by an additionalj140 lamps. 


It also supplies current to a second dynamo or motor 
which is placed alongside. The output of this latter as 
a dynamo is 110 volts, 109 amperes at 1,000 revolu- 
tions. The current is taken from the dynamo to a 
distributing switchboard placed on the right hand side 
against the wooden partition. This switchboard com- 
prises three main switches, Hartnell’s patent compound 
multiple brush contacts, each intended for about 120 to 
140 ampéres. It is fitted with voltmeter and variable 


regulator together with ammeter and short circuit plug. 


This board is so arranged that any one of three dy- 
namos can be put on to any one of three circuits, but 
the switches are so arranged that it is impossible for 
an unskilled man to short circuit one dynamo with 
another. 

On the other side is placed a motor switchboard as 


“Wiisow Hantueusr 


used in the transmission of power. Both these boards 
are of the highest class of work and the principle is 
one which cannot but commend itself to the trade 
generally. We illustrate a three circuit board made 
on the same principle as the switchboards actually 
shown, In} this case the installation is composed 
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of one dynamo only, and the circuits have about 120 
ampères on each. | 

No, 43a.—Smythe and Payne, Glasgow.—This exhibit 
contains specimens of electrical fittings manufactured 
by Messrs. Fowler, Lancaster & Co., of Birmingham, 
for whom Messrs. Smythe and Payne are agents in 
Scotland. There are removable fuses, double and single 
pole, where the fuse is attached to a short bar of porce- 
lain which can be lifted in and out of the clips which 
form the contacts, also wall connectors, ceiling roses, 
switches of different patterns, fuse boxes, bell 
pushes, &c., and specimens of Messrs. Smythe and 
Payne’s new attachment cut-outs. . 

In this cut-out the heating effect of the current is 
employed without the necessary fusing of a wire, the 
device consisting of a mechanical contrivance for break- 
ing the circuit controlled by a spring weight or other 
force, and held in check by a cord passed round a bare 
conductor carrying the current. This cord is made of 
a material that is readily charred or rendered brittle by 
the action of heat, so that when the conductor round 
which it is passed becomes heated by an excess of 
current this attachment cord gives way, allowing the 
mechanical contrivance to come into action and break 
the circuit. 

As will readily be seen there is hardly any limit to 
the different patterns and designs in which this cut-out 
can be made. A few of them are shown in the figs. 
Le À ga 3, taken from photographs of those exhi- 

ited. 


] 


In fig. 1, which is a narrow or beading pattern, 
suitable for branch circuits, the current enters at T,, 
passes by the contact holder, H,, along the bar, B, to the 
holder, H,, thence along the conductor, C, and out at 
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Fig. 2. 


the terminal, T,. The attachment cord, A, A, is passed 
round the conductor, C, and holds in check the spring, s ; 
when it is burnt through by the heating of the conduc- 


tor it allows the spring to come into action and pull out . 


the bar, B, from the contacts, H, and H,, thus breaking 
the circuit. 

In fig. 2 the contact bar, B, is knocked out by the 
hammer, H, when there is an excess of current. The 
hammer is held up by the cord, A, attached to a peg and 
passed round the conductor, C; when the cord is charred 
by the heating of the wire the hammer descends under 
the action of the spring, 8, and knocks out the bar from 
the contact holders, P, and P,. 


Fig. 3. 


In fig. 3 is shown a special form of toggle pattern 
where the holders are held together by two ebonite 
rods, E, E, and fitted into spring clips, L, L, fastened to 
insulators on the-wall. The cut-out can then be 
removed without touching any of the metal parts, and 
another one ready fitted with a cord immediately inser- 
ted in its place, or the cord renewed and the same one 
replaced ; this form is suitable for a main cut-out on a 
high potential circuit. This pattern, like most of the 
others, can be fitted with small hooks on the toggles 
and bar, so that cords can be kept ready tied for inser- 
tion in the cut-out immediately after one has given 
way. | 

The cut-outs are also made with mercury cups, into 
which a metal bar dips and makes contact in the usual 
way ; this bar is secured to a lever controlled by a 
spring or weight at one end, and held down by an 


attachment cord passed round a conductor carrying the 


current into the cups. When this cord is charred and 
gives way the spring, or weight, tilts up the lever ar 
lifting the contact bar out of the cups. | 

The device is also applied to switches themselves, so 
as to do away with the necessity of a separate cut-out. 
Almost any form of switch can be thus rendered auto- 
matic, so as to cut off the current if the latter becomes 
excessive. | 

After numerous experiments it was found that a gut 
or horsehair cord made the best attachment. Other 
materials were tried, including jute, flax, hemp, silk, 
leather, cotton, &c. The materials prepared to resist 
the action of water and used for fishing lines were also 
found to make good attachments. As the gut cords are 
stronger for their size than the majority of others, they 
are more suited to stand the constant strain of a spring 
or weight. | 

As the wire does not fuse, it will be seen that the 
same wire can be used over and over again, provided 
that the cut-out goes off with the same current each 
time ; repeated experiments have found this to be the 
case, the wire can thus be permañently soldered down 
on to the switch or cut-out, thus avoiding two screwed 
contacts. | 

A platinum wire forms the best conductor, as it does 
not oxidise, and since it can be used permanently, the 
disadvantage of its expense is toa great extent over- 


. come, 


Where the lead consists of more than one strand, one 
or more of the strands can be removed, and the remain- 
ing ones fastened down to the cut-out to form the con- 
ductor, thus doing away with another screw contact, 
and avoiding the necessity of a separate wire for the 
cut-out ; even a single wire can be thus employed by 
filing away some of the conductor where the cord 
passes round it so as to allow that part to become heated 
before the other parts of the circuit. | 

In all the experiments conducted, the cord was never 
seen to catch fire, even when the wire reached redness 
before the cord was burnt through, as was the case 
where some fine wires were tried in connection with 
coarse strings. 
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The advantages of this form of cut-out and combina- 
tion switch are briefly as follows :— 

It does not require the wire to be renewed every time 
the cut-out goes off; this renders it useful for ship 
lighting where string or tackle of some kind is always 
procurable, which is not the case with fuse wire of the 
exact size required. 

A cord is asimple thing which can be tied by anyone. 
A considerable number of screwed contacts are done 
away with, especially where the lead itself is employed. 

White hot wires with sputtering of molten metal is 
done away with. There is less chance of a wire being 
inserted, which is too large or too small, thus altering 
the “ go off” point of the cut-out. 


EXPERT TESTIMONY AGAIN. 


REPORTS on the working of electric tramways are 
always interesting and serve a useful purpose when 
drawn up by experts who are thoroughly acquainted 


with the subject. Two things are essential for the pur- | 


pose of arriving at a logical conclusion as to whether a 
new system is as good as, or better than anything that 
has been done before in a given direction, viz. : Prac- 
tical experience, and a knowledge of what has been 
achieved by predecessors. Sometimes an “ expert ” has 
either not the time to make himself acquainted with 
the state of the Art, or the remuneration is not sufficient 
to allow of the necessary sacrifice of time ; under such 
circumstances it is prudent to refrain from making 
comparisons. Last week we published a report on the 
Lineff system, written by Mr. Kapp, who is a great 
authority on dynamos and transformers, but who, un- 
fortunately, displays some lack of understanding in 
matters appertaining to electric traction. Mr. Kapp 
has evidently had no experience in this line, nor dues he 
seem to be acquainted with the statistics published in 
papers read before scientific societies, particularly those 
of A. Siemens, Captain Douglas Galton, A. Reckenzaun, 
F. Sprague, Dr. Bell, Dr. E. Hopkinson, O. T. Crosby, 
and others. From these he might have learnt a good 
deal about the energy required for propelling tram- 
cars ; this, with well-constructed appliances, amounts 
to between 5 and 8 H.P. on each car of the ordinary 
pattern ; but at the generating station, from 10 to 16 
H.P. is necessary for successful operation, and it is the 
same whether overhead conductors, underground con- 
ductors, or storage batteries are used. Referring to 
‘economy of working,” Mr. Kapp states in his report 
that : “to propel the same car by storage batteries 
would require an additional weight of 3 to 4 tons, at 
an expenditure of about 12 horse-power. Making due 
allowance for loss of power in charging and dis- 


charging cells, I find that the total amount of steam 
_ power required at the station would, with storage cars, 


be about double that required by the Lineff system.” 
We should like to know where, and how, Mr. Kapp 
learnt that 3 to 4tons of cells are necessary, for, as a 


rule, about half this weight is used ; also, how he ascer- 
tained that storage cars require double the steam power ? 


Surely the toy line, 75 yards long, constructed by Mr. 


Lineff, did not reveal such data, for the Lineff system 


certainly does not contain conductors of infinitely 
small resistance, nor does it remove the effects of gra- 


dients, and, least of all, does it exclude the possibility 


of leakage ; thus the estimated 74 H.P. per car will be 
found a long way below the mark when aline ona 
practical scale has to be planned, and we would advise 
the consulting engineer to double this figure in future, 
otherwise he will jeopardise the whole business. It is 
admitted that the power required to energise and pro- 
pel the electro-magnet on the Lineff car involves an 
extra expenditure of 5 to ? H.P., therefore it may be 
assumed, all other conditions being similar, that this 
system is that much less economical than many other 
existing electric tramways. 

The Lineff method of working with closed conduits 
is in itself ingenious and sufficiently meritorious ; but 


notwithstanding Mr. Lineff’s long letter to us, and Mr. 
Kapp’s report (mainly appendix), we do not anticipate 
that any sane person will consider that it solves the 
problem of electric traction. Professional opinions on 
toy lines are now, we are thankful to say, almost things 
of the past, and we look in these days for results ob- 
tained from actual work on a large scale ; we are glad, 
therefore, to learn that the Lineff method of working is 
now considered ripe for practical application. 

On the insulation resistance of underground conduc- 
tors and the properties of insulating materials, Mr. 
Kapp probably would not pose as an authority ; yet, 
he says, that “if the mechanical strain had developed 
cracks in the bitumen, there would have been suffi- 
cient time for water to percolate in the interval 
of 26 hours which elapsed between the two resist- 
ance tests.” Now this is an opinion to which our 


readers may attach whatever value they please, while 
we proceed to give an example of actual practice. Some 


years ago, a genial American invaded this country with 
an insulating material and a method of laying under- 
ground wires, which he thought would revolutionise 
those in use. The insulator was not bitumen, but it 
served the same purpose and was employed in a similar 
manner. Our friend secured a contract for laying 


about half a mile of his underground system, some 60 


wires being embedded in a trough containing his 
material. | 


The section was laid in summer, and for a few weeks © 


all went right merrily. Not a fault could be found on 
any of the wires during a series of daily tests, and the 
inventor was in high glee and predicted that the same 
happy state of affairs would obtain at the end of as 
many years. Unfortunately heavy rain soon ensued 
and lasted, off and on, for a considerable period, and in 
the course of several more weeks its effects were felt. 
First one wire fell off in insulation, then another, and 
before 6 months had elapsed every wire contained in 
that section had gone bad. The result was entirely 
due to water lodging around the insulating material 
and in due course finding its way to the wires, and 
this, it must be borne in mind, was in a solid block of 
material, not in a tube or channel. We might instance 


numerous other examples, but enough has been said to 


show that in matters of this kind one must await events 


and not jump to conclusions on the strength of a day’s 


experience. 


ST. PANCRAS VESTRY. 


At a meeting of the vestry held on Wednesday, the report of the 
Electricity Committee was presented for discussion, with ‘the fol- 
lowing recommendations attached :— 

1. That the seven tenders herein mentioned be accepted. 

2. That during the adjournment of the vestry your committee 
be empowered to clear the site. | 
_ 8. That the committee be empowered to accept the guarantees 
for each contract, and to prepare the necessary bonds. 

4, That the Finance Committee be instructed to draw a cheque 
to the order of Prof. Henry Robinson in accordance with the terms 
agreed upon between the vestry and Prof. Robinson, dated 
November, 1889, amounting to £994 12s. 

5. That a cheque be drawn in favour of Dr. Hopkinson, Presi- 


dent of the Institute of the Electrical Engineers, for £105, for — 


services rendered as consulting engineer. 

6. That a cheque be drawn in favour of Mr. W. H. Preece, elec- 
trician to the Post Office, for £52 103., for his advice and report 
upon the plans, specifications and tenders received. | 

Mr. SwEst, in moving their adoption, observed that it was not 
proposed to use high tension currents. With regard to a report 
that the light had been tried in the clearing house of one of the 
railway companies, and had turned out a failure, he said the com- 
mittee had waited on the chief of the department, who informed 


them that the experiment with both the arc and incandescent 


lamps had been in every way satisfactory, and that a committee 
was sitting to see whether the light should be made permanent. 
It was said that the vestry ought to arrange for the lighting of 
the parish with some public company ; but in that case, they must 
be prepared to waive their rights for a period of 42 years. As 
sensible men, they would accept their committee’s report. Motive 
power, which companies in London were not making provision for, 


_ was provided for in their installation. The committee had had 


very elaborate specifications and estimates made. Forty-five 
tenders had been received, and not the lowest merely had 
been accepted. They had as far as possible, placed them- 
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selves in actual communication with the manufacturers. 
The original amount estimated, £60,000, had not been ex- 
ceeded, notwithstanding that the price of material—copper 
for instance—and of labour had risen considerably. The com- 
mittee had been in communication with the Westinghouse Com- 
pany, which held the patent for the 3-wire system, and although 
it was proposed to pay £800 or £900 for it, it would enable the 
vestry to save considerably. When it was suggested that Dr. 
Hopkinson was himself interested in the 3-wire system the com- 
mittee took the plans and specifications to Mr. Preece for inde- 


_ pendent advice, and, in Mr. Preece’s opinion, which was appended 


to the report, Prof. Robinson’s installation was to be recommended. 
Replying to a member, Mr. Sweet further said that the buildings 
would be erected under Prof. Robinson’s superintendence, and 
that the price for the mains was inclusive of everything necessary 


for a complete installation. 


Dr. ForsytH argued that if members would read between 
the lines they would see that Messrs. Hopkinson and Preece 
merely said that the continuous system was proper for transmitting 
the supply within the radius of half a mile, and that for over that 
distance the alternating system was the proper one. The speaker 
also ig that the storage batteries would be a constant source of 
trouble. 


Mr. SWEET, in reply to Mr. Clements, said the report was agreed - 


to on the 25th July. The reason that the printers were busy 


was the only one he knew of why it was not placed in the hands 


of members earlier. 


Mr. Cuements asked when it was put into the hands of the | 


chief clerk. | 

The Cuir CLERK said it had never been in his hands. 

Mr. Lamgce moved that the matter be adjourned until the next 
meeting of the vestry. He explained that he did so not out of 
opposition to the scheme which the vestry had pledged itself to, 
but because very few members had time to consider the 
report. | 

The motion was put to the meeting, and 23 voted for the ad- 
journment and 28 against. Four members hereupon demanded a 
division, the result of which was that 29 voted for the adjourn- 
ment and 26 against. A dispute arose as to whether any specific 
date had been mentioned by the mover, and 

Mr. Wizson moved that the vestry meet on the following Wed- 
nesday, to consider the report of the Electricity Committee. 

Mr. Sweet said that to adjourn the discussion to the date of 
their next meeting, viz., the first Wednesday in September, 
would add considerably to the expenses for interest, &c. 

Mr. WETENHALL, as a member of the committee, thereupon 
tendered his resignation. : 

Mr. Westacort said he had voted for the adjournment because 
he considered members should have an opportunity to con- 
sider a scheme which involved an expenditure ofbetween fifty and 
sixty thousand pounds; but he suggested that members should be 
asked to sign a requisition for a special meeting, to be held next 
week, to rescind the vote for adjournment, by which time every 
member would have been enabled to consider the report. 

This was agreed to, and in the meantime the vote to adjourn 
the consideration of the question to the second week in September 
would stand. 

A letter was read from Mr. Lazarus, resigning his seat on the 
—— Committee, and shortly afterwards the proceedings 
ended. 


NOTES. 


St, Pancras Electric Lighting —We have received a 
copy of the Electricity Committee’s report adopted on 
the 25th ult. Doubts seem to have been expressed 
respecting the practicability of Prof. Robinson’s scheme, 
and Mr. J. E. H. Gordon appears to have gratuitously 
submitted a competitive plan. The committee, how- 
ever, places every faith in the ability of their engineer, 
and in this view they are upheld by the reports of Dr. 
Hopkinson and Mr. W. H. Preece. This we are pleased 
to see, for the committee states that the consideration 
of Mr. Gordon’s estimate was more or less forced upon 
its members. The following contracts, amounting in 
all to nearly £52,000, have been recommended :—Kirk 


and Randall, buildings; Babcock and Wilcox Co. 


boilers, &c. ; Willans and Robinson, engines, dynamos, 
&c.; the Electric Construction Corporation, switch- 
boards and batteries ; Mowlem & Co., trenches for five 
miles of mains ; Clark, Muirhead & Co., conductors for 
five miles of private and 5} miles public lighting. We 
congratulate the committee, and also Prof. Robinson, 
upon the result of their joint labours, and the latter is 
doubtless more than satisfied that his elaborate scheme 


should meet with the approval, in almost every detail, 


of such experts in electric lighting as Messrs. Hopkinson 
and Preece. 


Lighting in Breslau.—The town committee has de- 
cided. to raise a loan of £50,000 for the purpose of erect- 
ing a central station. It is probable that the tender of 
Messrs. Siemens and Halske will be accepted. This 
project comprises the immediate erection of a station 
of 8,000 lamps capacity, with a view tg an extension to 
a total of 30,000 lights. Continuous currents will be 
used in conjunction with accumulators. : 


The Berlin-Warsaw Telephone.—A telegram from 
St. Petersburg states that a Franco-Belgian group of 
financiers has asked for a concession authorising the 
laying down of a telephone line between Warsaw and 
Berlin. The first two minutes’ conversation are to be 
charged 2 roubles, and the following minutes 25 per 
cent. less. If the Russian Government approves these 
prices, tLe telephone would, on the expiration of the 
concession, revert to the State. 


Paddington Lighting.—-We understand that in the 
Paddington district there are to be between 5,000 and 
7,000 incandescent lamps in operation by October Ist, 
supplied from the Manchester Square station. Firms 
contracting for wiring houses may take this as a hint. 


_ Adoption of the Electric Light at Barnsley.—At a 
meeting of the Town Council, on Tuesday, it was 
resolved to accept the tender of the Westinghouse 
Electric Company to light a portion of the borough at 
a cost of £17,800. ae 


New Central Station in Berlin.—The Kurfiirsten- 
damm Gesellschaft, in Berlin, will shortly commence 
operations at their new central station, which will 
supply current to light up the district of Grunewald. 
The glow lamps, for street lighting, will be arranged 
two in series.’ The total cost of the station, including 
plant and buildings, is estimated at £15,000. 


Milan Cathedral.—A company has been formed in 
Milan for the purpose of electrically lighting the dome 
of the Milan Cathedral by a large lamp placed on the 
topmost portion. We wonder what the dividend will 
be if the company does not supply light elsewhere. 


The Lineff System of Electric Traction.— We are 
informed that the Lineff Electric Lighting and Trac- 


_tion Syndicate, the sole proprietors of the English 


and foreign patents, have received offers to instal their 
system on several London and country tramways, and 
also in Paris, Brussels and Italy. A company will 
shortly be formed, with a capital of several hundred 
thousand pounds, to execute the above orders. It may 
be mentioned as significant of the feeling of tramway 
companies regarding accumulator traction, that one of 
the directors of the North Metropolitan Tramway 
Company recently visited the Chiswick depôt, and ex- 
pressed himself highly satisfied with the working of 
the Lineff system. | 


Dynamos.—The dynamo described in our last issue, 
and referred to in a previous article, is the type now 
being manufactured by Messrs. Andrews and Preece, 


Limited, electrical engineers, Borough Mills, Bradford. 


Lighting of New Town Hall, Portsmouth. —The 
Portsmouth New Town Hall, which has cost upwards 
of £140,000, has a very complete installation of the 
electric light ; tried a few evenings since it proved 
highly successful. 


Large Turbines.—Messrs. Thomson, Son & Co., of 
Dandee, have just received an order for twin turbines, 
each developing 500 H.P., or combined 1,000 H.P. 
effective. One wheel of similar size has been at work 
for some years, and these two are supplemental. The 
type of wheel is parallel flow, largely on the lines of 
the Jonval turbine, and the fall is 20 feet. The drive 
is for a large textile factory abroad. 
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Lightning Strokes,—In the Victorian Zlectrical and 
Telegraphic Journal we read the following :—The 
following short, graphic description of a lightning 
stroke has been sent us by Mr. James M‘Carter, of 
Congupna Road :—“ Last Monday night (3rd March), 
during thunder and lightning, without rain, I ‘ cut 
out,’ and shortly afterwards was shocked by seeing the 
office apparently ablaze, and hearing a terrific report, 
similar to that of a gun, but much louder. I fully 
expected to find the whole front of the office smashed 
in, and could hardly credit, on examination, that the 
only damage done was several of the screw points of 
arrester fused. The point of one screw was flattened 
on to the centre plate, resembling a small coin. I 
scraped this off, and found there was an indent on the 
earth plate.” | | 


The Hub of the Universe again to the Fore.—The 


Boston Post, of June 14th, contains a long account of 


the improved system of the Union Electric Car Com- 
pany. Weare gravely assured that the devices of the 
Union Electric Car Company enable the storage bat- 
tery to be utilised with marked success, as experience 
This electrical device, covered by 
broad patent claims, enables the battery to receive back 
a portion of its electrical energy while the car is in 
motion by converting the motor into a generator. 
Whenever the car is slowed, stopped, or is running on 
a downward grade, the motor generates a current that 
is conveyed back into the storage batteries and par- 


tially replenishes the loss of electricity entailed by pro- 


pelling the car up grades or on a level road. Tests have 
shown that on the Beverly road the maximum return is 
more than is taken out at any one time. This return 
current has never before been produced by a series- 
wound motor, and it is accomplished by charging the 
field magnets from a supplementary battery. The com- 
paratively small amount of electricity required to run 
the cars of the Union Electric Car Company, combined 
with this process of automatic recharging while in 
transit, make the use of storage batteries perfectly 


feasible, while the weight of the car with the batteries 


in place is 1,000 to 2,000 lbs. less than the ordinary elec- 
tric car operated by the overhead system. The only thing 
to be done in England now that the Union Company 
recovers more than is taken out of the battery at any 
given time, is to seek permission to use the system. 
Holroyd Smith, Reckenzaun, Elieson, Lineff, &c., are 
not within miles of this result. 7 


Poole and White, Limited.—On Saturday last week 
the employés of this company took their first annual 
excursion. The party, which numbered over 30, met at 
the Elephant and Castle Hotel, Pangbourne, Mr. J. 
Tryon, the chairman of ihe company, presiding. The 


chairman, in proposing the toast of “The Firm,” re- | 


fe.red to the success which had attended their efforts 
during the first six months of their existence, and said 
it was due in great measure to the excellent esprit de 
corps of the employés. It was the desire of the direc- 
tors to establish a reputation for the excellence of their 
work, and to extend and increase their business and 
profits by legitimate trading, and not by means of mere 
financing, and he was pleased to see the way in which 
every one in the business did their utmost to attain that 
end. In coupling the toast with the name of Mr. 
White, he paid a graceful compliment to the ability 
and zeal with which Mr. White had devoted himself to 
the interests of the company. Mr. Heaver, who occu- 
pied the vice-chair, proposed the toast of “The Board 
of Directors,”’ to which Mr. Poole suitably replied. 


National Art Competition.—The exhibition of the 
works submitted for the National Art Competition, 
1890, by the schools of Art throughout the kingdom, 


was opened to the public on Monday last, and will 


_ remain open until the end of August. 


The works will 
be on view in the Enamels Gallery of the South Ken- 


_sington Museum. The free days are Mondays, Tues- 
_days, and Saturdays, when the museum is open from 


10 a.m. to 10 p.m. 


_ British journalism. 


Royal Jubilee Exhibition, Manchester, 1887,—At 
the final meetings of the Executive Committee and 
Guarantors’ Council, held prior to their dissolution in 
December last, the following gentlemen were appointed 
trustees to hold the surplus funds until all outstanding 
claims were adjusted, and to hand the net balance over 
to the Whitworth Institute—viz., Sir Joseph C. Lee, 
Messrs. C. J. Galloway, Oliver Heywood, and William 
Agnew. A meeting of the trustees was held last week 
at the secretary’s offices, 46, Brown Street, Manchester, 
when a final statement of accounts was submitted, 
showing the net cash surplus to be £41,942 18s. 11d., 
or, together with the value of certain assets not realised, 
and which have now been handed over to the institute, 
£43,492 18s. 1ld. A cheque for this amount was 
drawn and handed to Mr. Oliver Heywood for pre- 
sentation at the meeting of the institute. The affairs 
of the exhibition were then declared to be finally closed. 


Lightning in an Engine Room.—The engine house 
containing the dynamos which furnish the Viceregal 
Lodge, Simla, with the electric light, was recently struck 


. by lightning during a storm. At the time there were in 


the room two native workmen, with Mr. Jordan, the 
European superintendent. One of the men was struck 
down, but was brought round immediately afterwards 


by a plentiful application of cold water; the other : 
man did not fall, but received a severe shock. The 


lights in the engine house all went out, and the place 
was in darkness for a short time. Some pieces of mica 
used in the lightning guard were pierced, and the 
fastenings torn away. a 


The London Press and the Proposed Telegraph 


Subsidies.—The Leeds Mercury, in a recent issue, com- 


ments strongly on the fact that the London daily Press — 


has refused to publish a very important communica- 
tion deprecating the proposed subsidy to the Eastern 
Telegraph Companies. We think, with our contem- 
porary, that the incident reflects little credit upon 


Improved Fluids for Primary Batteries.—Mr. Theo- 
philus Coad has invented yet another fluid made of the 
following ingredients :—Nitric acid, mercury, carbonate 
of potash, carbonate of soda, bichromate of potash, 
sulphuric acid, common soda and water. A corre- 
spondent writes :—“ Where is the patent in this? It 
is as old as the hills.” 


Electric Light Undertakings,—In the new edition of 
the “Gas and Water Companies’ Directory,” published 
by Messrs. Hazell, Watson and Viney, an electric 
lighting section has been added, consisting of useful 
information relating to municipal authorities, com- 


‘panies, and private firms supplying electrical energy 


for lighting purposes. The following particulars are 
given of no less than 55 undertakings—name and town, 


address, date of formation, capital employed, system, | 


capacity of works, price per unit, name of secretary, 
name of electrician in charge, and area of district sup- 


plied. The table appears to have been compiled with | 


care, and the details given must be of interest to almost 
every one engaged in electrical business. 


Removal, — The business of telephonic engineers — 


hitherto carried on at 26, Red Lion Square, under the 
title of The Electric Telephone Company, is removed 
to Hermitage Works, Richmond, Surrey, where it will 
henceforth be carried on by Mr. Ernest J. Gillett. 


A Use for the Phonograph.— A use for Colonel 
Gouraud’s pretty toy has been found at last, and 
in Arthur Law’s new farcical play, “The Judge,” 
the cries of a real infant recorded by the Edison 
phonograph, on Monday, the 21st ult., are reproduced. 
The Stage has utilised from time to time most of the 
contrivances invented in the field of electric lighting, 
and its adoption of the phonograph adds still another 
instance of the manner in which scientific progress may 
be turned to profitable account in the World of Art. 
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Consulting Electricians, — It is very evident that 
some standard is necessary to which the consulting 
electrician can adhere, for the unwritten laws of 
professional etiquette seem quiteinadequate. It appears 
that there are several individuals in existence pro- 
fessing to give advice in electrical matters who are 
not averse to acting in a manner which should certainly 
bring them under the serious displeasure of the In- 
stitutes to which they belong. Whatcan be thought of 
any man who, when called in to advise a client who 
had already arranged to have his requirements carried 
out by a firm of electrical engineers, coolly says that 
he (the client) could effect his purpose more cheaply 
by allowing his professional adviser to hire his own 


’ men, and buy the necessary plant for completing the 


work ; and, as if this were not bad enough, he also accepts 


commissions all round from the firms who supply the 


goods. We are assured, on unmistakeable authority, 
that this kind of procedure is being practised, so, how 
can the bond fide technical expert, who is ready to give 
his impartial opinions for a reasonable fee, expect to 


stand a chance against men who undercut him in the 
_ way of payment for professional services, and make up — 


the rest by commissions? One might think that the 
person requiring technical aid would be cute enough 
to see through malpractices of this nature, but it appears 
that such is not the case. | 


Electric Railway Conduits.— We have received a 
letter from Henry James Peddie giving a descrip- 
tion and illustration of his “conduit rail” for elec- 
tric tramways. The communication is marked “ pri- 


vate,” yet he concludes by requesting us to notice. 


his invention in the REVIEW. We can only say 
that the design is a very neat arrangement, with- 
out possessing much novelty, and that under more 
favourable circumstances we should probably have 
reproduced his drawings. As it is, we refer those in- 
terested to Specification 6359, 1890. 


Gas and Electric Lighting on the Continent.,—The 
European Gas Company, which has always taken a 
place in the front rank of continental gas companies, 
during the past year only had an increase in their sales 


of gas of 15 per cent. Enlarging upon this at the 


meeting of the shareholders last month, the Chairman 
(Mr. H. McL. Backler), pointed out that this was the 


aggregate increase at all the stations, but in some cities 


the increase was more. At Havre, for instance, the 


increase was at the rate of 4 per cent., but it was a 


remarkable thing, he added, that at that station there 
was much more electric light used than at any other. 
This was not, however, the only instance, but he had 
observed the same thing in other continental towns. 
He saw that at Milan, the consumption of gas exceeded 
that of former times, although in no city in Italy with 
which he was acquainted was the electric light used to 
80 considerable an extent. He remarked the same 
br in connection with Vienna, Berlin and other 
cities. 


Varley’s 1876 Machine.—This dynamo, which was the 


rock on which the Anglo-American Brush Corporation 
split in the recent compound-winding case, is now to 


_ be seen in the Edinburgh Exhibition, and will no 


doubt be an object of the greatest interest to elec- 
tricians visiting the place. 


More Demonstration.—On Thursday last week another 
demonstration was given of the Lineff method of electric 
traction over the 75 yards of experimental track at the 
depot of the West Metropolitan Tramway Company, 
Chiswick. 


New Patents.—Mr. Swinburne has applied for a 
patent (see p. 142) apparently for five distinct objects. 
We have hitherto been under the impression that to 
make inventions valid it was necessary to confine a 
Specification to one object only ; perhaps, however, the 
word “ jellygraph ” is sufficiently comprehensive to in- 
clude all the rest. 


Dr. Duncan’s Motor.—Says the Electrical World :— 
“We are now enabled to give some details of the 
performance of the experimental machine (Dr. Duncan’s 
motor), which give it unquestioned place as one 
of the most remarkable developments of dynamo- 
electric machinery. It weighs 1,100 pounds, and in 
spite of the fact that its armature is solid cast iron, it 
developes 10 horse-power at the marvellously low speed 
of 90 revolutions per minute, and accomplishes this 
feat with an electrical efficiency of 92 per cent. The 
commercial efficiency was not measured, but as only 
20 lbs. of iron are subject to hysterisis, and at a compara- 
tively low rate of reversal, the losses from this cause 
should be small.” How is it known that the motor 
actually developes 10 H.P., and why has the commercial 
efficiency not been calculated if brake tests have been 
applied ? | 


The Ferranti Mains.—We hear that part of the main 
route of the London Electric are Corporation is up 
again in the West End, through the failure of the joints | 
in the new Ferranti cables. | 


“The Telegraph Clerks.— We regret to learn that the 


application of the new scheme is attended with much 
delay and uncertainty. The vague and ambiguous 
notices posted in the Central Telegraph Department, 
to which we referred in a recent issue, have been with- 
drawn. Interviews with the officials do not seem to be 
productive of anything definite or satisfactory, and, as 
several points of vital interest to the staff are still un- 
settled, a policy of procrastination and mystery is not 
calculated to have a beneficial or conciliating effect — 


_on those interested. 


Tudor Accumulators,—The well-known manufactory 
of Messrs. Miiller and Einbeck, at Hagen, Westphalia, 
has been converted into a limited company, with a 


capital of £225,000. The entire capital has been taken 


up by the Allgemeine Elektricitäts Gesellschaft of 
Berlin, Messrs. Siemens and Halske, and the vendors 
(Messrs. Müller and Einbeck), in equal parts. The 
chief office will be situated in Berlin. The Hagen 


firm, which manufactures the Tudor accumulator, 


appears to have been very successful commercially, and 
a German contemporary states that the reason why the 
Berlin houses have joined it is for the purpose of 
expanding an existing and prosperous business rather 
than have to enter into competition with it. 


The British Association.— We have received a cir- 
cular containing the names of members of the various 
local committees, and the arrangements for excursions, 
to which special attention will be paid at the forth- 


_ coming visit of the association to Leeds. 


Dissolution of Partnership.—The partnership be- 
tween Messrs. W Ramsay and Cecil Walker, 
electrical engineers, at No. 1, Prince’s Mansions, 
Victoria Street, Westminster (Ramsay and Walker) has 
been dissolved by mutual consent. | 


OFFICIAL RETURNS OF ELECTRICAL 
| COMPANIES. | 


Western Counties and South Wales Telephone Com- 
pany, Limited.—At an extraordinary general meeting 
of this company, held at the Grand Hotel, Bristol, on 
the 30th May, the following special resolution was 
passed :— That the articles of association be altered 
as follows: (a.) By striking out the word ‘United’ 
wherever it occurs in Articles 38, 39, 74, 83 and 93, and — 
in sub-clauses of Article 71, and substituting the word 
‘National’ therefor, and by striking out the figures 
£30,000 in sub-clause (A) of Article 71 and substituting 
£50,000.” The résolution was confirmed on the 27th 
June and filed July Ist. 
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. The annual return, made up to the 13th June, was 


; filed 26th July. The nominal capital is £400,000, 


divided into 200,000 preference shares of £5 each and 
300,000 ordinary of £1 each. The shares taken are 


. 20,000 preference and 281,197 ordinary. Upon 16,600 
preference shares the full amount has been called, and 


the full amount is considered to have been called and 
paid upon 3,400 preference and 281,197 ordinary. The 
calls paid amount to £76,233, including £10 paid on 20 
shares forfeited. The unpaid calls amount to £6,777. 

New Cadogan and Belgrave Electric Supply Com- 
pany, Limited.—The registered office of this company 
is now situate at 91, Manor Street, Chelsea. 

Taunton Electric Lighting Company, Limited.—The 


registered office of this company is now situate at St. 
James Street, Taunton. 


NEW COMPANIES REGISTERED. 


Plymouth and District Pulsion Telephone Com- 
ny, Limited,—Capital £4,600, in £1 shares. Objects : 
© acquire a license of the patent rights granted to 


Lemuel Millett (1888, 9th June, No. 8,457) for improve- 


ments in a mechanical telephone known as the Pulsion 
telephone. Signatories : W. W. Ricksend, 200 shares ; 
A. Jackson, 40 shares; T. Emerson, 200 shares; A. 
Latimer, 10 shares, all of Plymouth ; Wm. Square, 14, 
Portland Square, 200 shares ; F. A. Buckle, B.A., Stoke, 
200 shares. The signatories are to appoint the first di- 


rectors. Qualification, 100 shares; the company in 


general meeting will determine remuneration after 
10 per cent. dividend has been paid. Registered 24th 
ult., by Sir Joseph Causton and Sons, 9, Eastcheap. 


Edison Phonographic Toy and Automaton Com- 
pany, Limited.—Capital, £300,000, in £1 shares. 
Objects : To acquire certain patents for the application 
of the phonograph to dolls, toys, and automatic figures. 
Signatories (with 1 share each) : E. J. Cook, 28, Pelham 
Road, N.; J. Guthrie, Florinda Villa, Lancaster Road, 


_ Leytonstone; F. B. Liley, 100, Sundmere Road, Clap- 
‘ham; J. H. Coulson, 76, Oakley Road, N.; 8. Cooke, 


53, Chadwick Road, Peckham; E. J. Newbatt, 57, 
Cowley Road, Brixton; G. Bridgland, 8, Sparham 
Road, Brixton. The first directors are Major-General 
Sir J. W. Campbell, Bart.; H. G. Hemmerde, T. H. 
Lambert, Col. A. D. Campbell, and Louis Swaley. 
Qualification, 250 shares; remuneration, £250 per 
annum each, with £50 additional for the chairman. 


. Registered 26th ult., by Collette and Collette, 2, Victoria 
- Mansions. 


British Gas Lighting Improvement Company, 
Limited.—Capital, £160,000, divided into 6,000 prefer- 
ence shares of £5 each, and 130,000 ordinary shares 
Objects: To carry on the business of 
mechanical, gas, and electric engineers and manu- 
facturing chemists in all branches. Signatories (with 
1 preference share each) :—H. S. King, 65, Corn- 
hill; W. J. Wright, Montagu Mansion, W.C.; F. W. 
Clark, C.E., South Norwood Park; A. C. Trotman, 12, 
Thayer Street, W.; J. V. Miller, 39, Stockade Road, 
Clapham ; A. Gooch, 69, Benthal Road, N.; G. 
Chandler, Woodford. The first directors are :—J. 
Boustead, Malcolm Guthrie, H. ‘Wollaston Blake, W. L. 
Hammack, and H. $. King, C.1E. Qualification, £100 
in shares. Remuneration, £200 per annum each, with 
an additional £100 for the chairman. Registered 28th 
ult., by Paine, Son and Pollock, 14, St. Helen’s Place. 


Mulholland, Maugham and Company, Limited.— 


Capital £5,000, in £10 shares. Objects: To take over 
the business of R. M. L. Mulholland and B. Maugham, 
at Ferryhill, Durham, trading as Mulholland, Maugham 
and Co., and to manufacture and deal in apparatus and 
things required in connection with electrical engineer- 
ing, and in particular. to construct and lay down cables. 
Signatories (with 1 share each): R. M. L. Mulholland, 
P. Mulholland, B. Maugham, T. Iseton, J. Sanders, all 


of West Cornforth ; J. Parker, East Howle; J. W. 
Mulholland, Hatton, Warwick. The signatories are to 
appoint the first directors. Qualification, £500 in shares 
or stock ; the company in general meeting will deter- 
mine remuneration. Registered 29th ult. by Bell & Co., 
9, Bow Churchyard. 


CITY NOTES, REPORTS, MEETINGS, &c. 


Telephone Company of Austria, 


Mr. Henry Gréwing presided at the seventh ordinary general 
meeting of shareholders, held at the company’s offices, 53, New 
Broad Street, yesterday. 

The report states:—There has been expended on capital 
account a further sum of £10,155 11s. 10d. The gross receipts 
from all sources were £16,524 8s. 8d. After providing for all 
expenses, including £5,425 4s. 2d. for debenture interest and 
dividend on preference and interim dividend of 24 per cent. 
on ordinary shares, and £3,932 Os. 9d. for royalties and taxes to the 
Austrian Government, there remains a balance of £1,640 12s. 7d. 
which, with the amount £3,284 4s. 6d. brought forward from last 
year, leaves to the credit of profit and loss account for the current 
year the sum of £4,924 17s. 1d. ; of this amount it is proposed to 
place £3,900 to reserve, and to pay a further dividend of 1} per 
cent. upon the ordinary shares (niaking 4 per cent. for the year), 
leaving £1,047 2s. 7d. to be carried forward to the next year’s 
accounts. 

The Government trunk line between Vienna and Prag, which 
was alluded to in the last report, was successfully completed and 
opened for the use of the public towards the end of last year. 
The undertaking has proved a very great success, and, although 


the outlay to this company for new switchboards, &c., was con- . 


siderable, we have reaped the benefit of a fair increase in the 
number of new subscribers joining the exchange system. 

The Austrian Government have now in contemplation the con- 
necting up of other towns worked by this company on the same 
terms as the Vienna-Prag line, i.e., the Government constructs 
the trunk line and places the company’s exchange subscribers in 
communication with Vienna, the company having the indirect 
benefit of the increase of subscribers. _ 

In relation to the prolongation of the company’s concessions, 
the Minister of Commerce has fixed the month of October for 
opening the negotiations, which, your directors have every hope, 
will be of a satisfactory nature to the shareholders. 

The cordial and satisfactory relations of the Imperial-Royal 
Telegraph and Postal Authorities and of the municipal bodies 
with the company remain unaltered. 

The Chairman said the progress of the company had been 
satisfactory during the past financial year, and since the com- 
mencement of the current year a further satisfactory increase had 
taken place, as compared with the corresponding period, of 17,430 
florins. He congratulated the shareholders that the year under 
review was the first of the company’s existence in which it had 
been in a position to declare a dividend on the ordinary shares. 
It was not that no profits had been made in previous years, but 
that the necessities of the capital account had been so pressing that 
every penny of the surplus profits had had to be invested in extend- 
ing the business. They would now, he did not doubt, reap the benefit 
of that policy. Their parent, the Consolidated Company, had now 
made arrangements to supply them with capital to any reasonabie 
amount. He did not doubt that the negotiations pending with 
the Austrian Minister of Commerce, for the extension of the com- 
pany’s concessions, would have a satisfactory issue. He moved 
the adoption of the report and accounts, and to declare a dividend 
on the terms of the report. 

Mr. Fitzgerald seconded the motion, which was carried unani- 
mously. Mr. R. E. Bateman was re-elected a director, and Messrs. 
Deloitte, Dever, Griffiths & Co. auditors of the company; and, 
nr a vote of thanks to the board, the proceedings came to a 
close. 


Elmore's Patent Copper-Depositing Company, 


A MEETING of this company was held at Cannon Street Hotel 
on Monday. The Chairman (Mr. Carson), apologised for the 
absence of the president of the company. The directors were very 
glad to be able to meet the shareholders with an excellent record 
of progress, shown in the following report :— 

Your directors have pleasure in submitting to you the annexed 


statement of the company’s accounts for the period from the date 


of the company’s formation on January 18th, 1889, to June 
30th, 1890. 

‘In March last, the board disposed of the exclusive British 
license for the manufacture of wire to Elmore’s Wire Manufac- 
turing Company, Limited. The shares of this company (£2 each), 
were issued at a premium of £1, half of which, in addition to the 
sum of £75,000, went to our own company. The issue was made 
to about 500 applicants. A total sum of £105,000 has been re- 
ceived from the wire company, and, in addition, our own company 


- has a further interest contingent upon the allotment later on Of 


the balance of shares of the first issue. Our own company holds 
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also, all the founders’ shares, which are entitled to one-half the. 


profits after 20 per cent. has been paid to the shareholders of the 


wire company. The board regard these founders’ shares as a most 


valuable asset. It may here be stated that the wire company 
have received an offer from a strong group of Birmingham firms 
to take their whole output of wire spirals at remunerative prices. 

‘“ The board recommend that out of the sums above-mentioned, 
an immediate distribution be made of 10s. per share, less income 
tax, which, with the interim dividend of similar amount paid in 
April last, makes a total distribution equal to 50 per cent. on the 
paid up capital for the period named. 

“ The sum of £20,000, being the estimated original value of the 

tents for the manufacture of wire, has been reserved, and will be 
invested or employed in the company’s business, as may be deemed 
most expedient. .A further amount of £4,584 8s. 3d. is carried 
forward, after setting aside £35,000 for the second dividend 
referred to above.” | 


BALANCE SHEET, 30th June, 1890. 
Dr. s. d. 
To nominal capital— 
100,000 shares of £2 each £200,000, of which 
rev has been issued 70,000 shares, fully 


pal “eee eee eee eee eee eee 140,000 0 0 
» amount received on forfeited shares 19 


;, balance brought forward from profit and loss 


account... 39,584 8 


_ £187,584 10 1 


| CO 


By purchase of patents (£100,000). Less amount | 
reserved from sale of license (£20,000) … 80,000 0 


0 

» buildings, siding, and wharf ; ‘a 8,011 18 8 

_ plant, machinery, loose tools, &c. 

» furniture and fittings  … 

» Sundry debtors on open accounts sos” 391 0 4 
» Elmore’s Wire Manufacturing Company, 

» Cash at bankers me 73,768 19 11 

» Stocks in trade— 

Raw material... 7,714 10 4 

Sundry stores... 603 3 11 

» preliminary expenses sé sibs ose 1,850 0 0 


£187,584 10 11 


TRADING AND Prorit AND Loss ACCOUNT, from 18th January, 1889, 
to 30th June, 1890. 


Dr. | £ s. d. 
To sundry purchases, wages, and general charges, 
_ after deducting stock of raw material and sundry 
small sales … ene 0,200 6.9 
» maintenance of patents, legal, and professional 
char es eee eee eee eee eee eee 465 5 6 
» rent, rates, taxes, and insurance ... ‘ah in 306 2 6 
» income tax... jue ass 875 0 
» stationery, printing, and advertising... por 166 2 1 
» balance carried down eee eee cee eee 77,825 1 4 
£84,920 5 2 
To interim dividend of 10s. per share, less tax, paid 
(18th April, 1890 ... 984,125 0 0 
» directors’ percentage of profits under Clause 72 of 
Articles of Association ... 28: 
» balance carried to balance sheet ... ses … 989,584 8 3 


£77,825 1 4 


Cr. | | £ 


_By amount receivable to date in respect of sale o 
license to Elmore’s Wire Manufacturing Com- 
pany, Limited, less expenses of the formation 
of that company, (£103,928 5s. 9d.); deduct 


amount transferred to patents account (£20,000) | 83,928 5 9 

» transfer fees, &c. ... sia ‘ine ose 206 19 0 
| £84,920 5 2 
By balance brought down 10 £11,825 1 4 


The Chairman briefly referred to the various items specified in 
the report. He attributed the great profits made to the change of 
policy of the board. They would have been at work much sooner 
had they acted upon the original plan of having the works at 
Sheffield ; but they discovered that their process was capable of 


large development, and they would require a large amount of land” 


in order that new work could be carried on alongside the parent 
company, and under the same management. With that view, they 
obtained a most suitable site at Leeds. The progress of the works 


was retarded for several weeks last summer by a strike in the 
building trade. Further delay in commencing work was caused 
after the issue of the circular to shareholders, dated February 3rd, 
1890, by the breakdown of the first engine supplied for the pur- 
pose of driving the dynamos used for depositing. The engine was 
supplied by a firm of the highest reputation, but had nevertheless 
egg a complete failure, no useful work having ever been done 
y it, and it was still incomplete in the hands of the makers, who 

had undertaken to replace it with an entirely new engine. The 
breakdown of this engine prevented the management for a period 
of several weeks from gaining the experience on a large scale with 
the plant and machinery in the first section of the works, which 
the board considered indispensable before committing the com- 
pany to further outlay of capital. The only difficulty experienced 
subsequently to the breakdown of the engine had been in obtaining 
— balanced cast iron mandrels or cores for depositing tubes 
upon. The difficulty had now been fully overcome. The board, 
however, had now the pleasure to report that everything was pro- 
ceeding satisfactorily at the works. Two new engines have been - 
delivered, and have been working well for several weeks. The 
various patent appliances have been tested, and have been proved 
to work with the utmost regularity. The board consider that the 
promises held out by the inventors, both as to quality of material 
and cost of manufacture, have been amply fulfilled. Tubes and 
wire manufactured on a commercial scale by the Lange, have 
been submitted to users and experts, and have given the utmost 
satisfaction, the results being in every case equal to those | 
obtained from samples manufactured in the laboratory, and 
referred to in the prospectus. At the present time the 
state of the works is as follows:—Complete offices, labora- 
tory and stores have been provided. A workshop large 
enough fot a 20-ton pér week depositing plant has been 
erected and fitted with engines, machinery and tools. Engine 
power and dynamos have been provided for depositing 15 tons a 
week—boiler power for 25 tons a week—and engine and boiler 
houses, factory chimney, and copper melting furnace have been 
built on a scale sufficient for the whole works, and for eventual 
extensions up to 50 tons a week. In addition, a siding connecting 
the works with the Midland main line has been made. A wharf 
has been constructed on the canal. The entire property has been 
walled-in and drained, and two cottages erected. Nothing now 
remains to be done but to complete the new depositing shed, which 
will turn out 15 tons per week, and to provide the necessary 
additional engine power, dynamos, and pen nr tanks. The 
whole of the 20-ton per week depositing plant is in process of 
completion, and the first section, capable of turning out 5 tons a 
week, has been satisfactorily at work for several weeks. The 
works are fitted with the electric light throughout, and an ample 
supply of copper purchased at prices considerably below the 
present market quotations has been provided. The demand for 
the company’s products is far in excess of this 20-ton plant, and 
the prices obtainable are most remunerative. Now that the work 
connected with preparing for the two exhibitions is over, the 
whole of the available plant is engaged in the execution of orders. 

Several shareholders were dissatisfied that there was not a 
sufficient sum placed to the reserve, and an amendment was pro- 
posed, which was, however, defeated. $ 

A shareholder commented strongly on the defective engine 
supplied, and considered there was little excuse. 

me the members of the board were re-elected, as were the 
auditors. 


Direct United States Cable Company, Limited. 


Tue twenty-sixth ordinary general meeting of the company 
was held at Winchester House on the 25th ult.,. when the 
report (printed in our last issue) and balance sheet for the six 
months ending June 30th, 1890, were produced. 

The Chairman, Sir John Pender, K.C.M.G., said the revenue for 
the half-year, after deducting out-payments, amounted to 
£40,017 1s.; working and other expenses, including income tax, 
but excluding cost of repairs of cables, amounted to £17,616 5s. 8d., 
leaving a balance of £22,401 as the net profit of the half-year, 
making, with £8,318 brought forward from the previous half-year, 
£30,718 14s. 8d., which had been appropriated thus: interim 
dividend of 3s. 6d. per share for the half-year ending March 31st, 
1890, amounting to £10,624 5s., and a proposed final dividend 
of 3s. 6d. for the half-year ending June 30th amounting to 


810,624 5s.; transfer to reserve fund £8,502; balance forward 


£968 ; total £30,719. The revenue for the earlier portion of the 
half-year showed some falling off as compared with the correspond- 
ing period, the tariff being 1s. in each case, but in the latter 
months an improvement took place which more than recouped the 

revious falling off, and resulted in a small increase of £390. 

he reserve fund, after deducting £4,919, cost of repairs, 
and crediting it with £4,389, interest on investments, and 
profit on sale of securities, and with £8,502 transferred from the 
revenue account, amounted to £250,000. The investments were, 
as heretofore, considered to be worth more than the figure stand- 
ing in the balance sheet. At their last meeting he expressed the 
opinion that six months hence it would be necessary to draw 
special attention to the reserve fund. That fund had been drawn 
upon to some extent to supplement the company’s dividends, and 
to maintain the 3} per cent., which otherwise could not have been 
paid with the 6d. tariff. On the present occasion it would not be 
necessary to appeal to the shareholders in any way in connection 


_ with the reserve fund. It seemed to have turned the corner ; they 


had for the first time during the last two or three years 
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adding to instead of taking from it, until it was increased to a very 
nice round sum. By carrying out the principle laid down, of 
adding the interest to the reserve fund, and aes such a sum as 
could be conveniently spared from the income, he hoped the com- 
pany would eventually be placed in a thoroughly independent 

ition, and he believed it occupied such a position that day. He 


lieved their cable stood ata very much lower cost than any 


other cable in the Atlantic, and that with this large reserve fund 


no other company could compare with it in value. Standing as it 
did at, comparatively, a very small price, it was, at any rate, just 
as good as any other cable in the Atlantic standing at three or 
four times the price. It was in such good order that the duplex 
system could be worked upon it. Practically, therefore, the com- 
pany had the command of two cables, and he was very pleased to 
say was doing its full share of the Atlantic traffic. As the pool 
was at present, there was an impression abroad that a single cable 
was a very dangerous investment. However, when he told them 
that the cable was one of seven in the Atlantic, they would under- 
stand that if the company’s cable became incapacitated for twelve 
months, it would not interfere in the a, ge degree with the 
company’s income, as the other cables would be quite sufficient for 
the trafic ; or if the company’s cable should be incapacitated for 
two years, the shareholders would still have an income, and even 
if it became incapacitated for three years, they would still have a 
small income. Let it be distinctly understood that if the company 
stood as a single cable, it was nevertheless guaranteed by six 
others. That was a very strong position to occupy, and, taking 
it in connection with the reserve fund, he looked upon 
the company’s cable as the cheapest in the Atlantic. A 
fault occurred the other day, it was very difficult to repair 
a fault under £5,000; and it was a consolation to think that 
these faults were not owing to any real decay of the cable, 
but were caused by the anchors of fishing boats. The direc- 
tors had done all they could to induce fishermen when they 
took up the company’s cable, to drop it; they had even undertaken 
to find them new gear, and in the past few years, although cables 
had been broken in this manner, the company had received a good 
deal of consideration on the part of the fishermen. It had always 
been the directors’ policy when a break occurred, not to hesitate 
in sending out a ship, in whatever weather, to repair it, and the 
company had been singularly prompt with its repairs. The 
directors considered it to be the company’s duty to the pool.to do 
a fair and full share of the work, and he believed they were doing 
their fair proportion of it at present. It was encouraging, if not 
so much so as he could wish, that at the present moment, with a 
shilling tariff, the company carried as many messages as it did 
with a sixpenny tariff. Still it was not earning the amount of 
money such a risky operation entitled it to; but he hoped that by 
some combination or arrangement material economies might be 
made which would enhance the company’s dividend. They must 
endeavour to work this out somehow—he was not prepared to say 
how. Still it was a magnificent property, and while it was neces- 
sary that these submarine cables should be efficiently worked, it 


would be a reflection on all concerned if they could not arrange in 


some way to give a fair return to their shareholders out of what 
had become a great political and commercial necessity. The 
directors would always bear in mind that a company like this 


should be just as well as generous. The pool was probably 
stronger than it ever had been. Regarding the Telegraphic Con- 
ference, he was pleased to say that while the company’s cable had 


not been very much under consideration, it had neverthless been 
fairly considered by the other companies, and its demands had 
been settled upon a basis which ought to be satisfactory to all. 
It had, at any rate, lost nothing by the conference. In conclusion, 


he assured the meeting that if by any possibility their old divi- 


dend of 5 ‘per cent. could be recovered, they might depend upon 
the board doing its utmost to bring about that result. He moved 
the adoption of the report and accounts, and to declare a final 
dividend of 3s. 6d. per share, free of income tax, making with the 
interim dividend already paid, a total of 3; per cent. for the year 
ending 30th June, 1890. | 

The motion was seconded by Mr. Ford, and unanimously 
agreed to. | | 

Messrs. Charles Meara and E. M. Underdown were re-elected 
directors, and Messrs. J. G. Griffiths, F.C.A., and John Sawyer, 
F.C.A., were reappointed auditors. 

A vote of thanks to the board, and one of sympathy with the 
chairman in his recent bereavement, were unanimously carried, 
and the proceedings terminated. . 


Manchester Edison-Swan Company, Limited, 


‘THE eighth annual meeting of the shareholders of this company 
was held on Monday at Manchester, Mr. V. K. Armitage, chairman 
of the company, presiding. 

The Chairman, in moving the adoption of the report, said the 
directors were not as satisfied as they might be with the result of 
the year’s operations. Instead of making something over 10 per 
vent., as they did last year, they had only made something over 
5 per cent. They had worked just as hard in making the 5 per 
cent. as they did last year in making 10. The real fact was that 
at this moment there was a manifest falling off all over the country 
in the demand for small separate installations. There was no 
doubt whatever that the electric lighting would increase enor- 
mously in the near future, but their strong impression was that 
the increase would be in lighting from central stations. Parlia- 
ment had been issuing provisional orders for central stations 


— broadcast all over the country, and there could be no doubt that 


‘the first in which they had been able to 


many people who wished to have the electric light were now wait- 
ing to see what would be the outcome of these provisional orders. 
Before they went to the expense of securing private plant they 
were waiting to see whether they could not draw their supply of 
electric light from a central station, as they did now in the case of 
gas. At the same time he had not the smallest doubt that in the 
near future there would be an enormous increase in the electric 
lighting industry, and with the experience the Edison-Swan Com- 
pany had had in this district, and with the name they had 
acquired for doing good work, he had not the smallest doubt that 
when the increase came the company would receive at least its fair 
share of the work that had to be done. | 

The motion for the adoption of the report was seconded by 
Mr, I. C. Waterhouse, and carried unanimously. , 
On the motion of the Chairman, seconded by Mr. Waterhouse, 
it was further resolved that the profit of £1,647 6s. be appro- 


priated to payment of a dividend at the rate of 5 per cent. per 


annum (£1,000), carrying forward the balance of £647 6s. 

Sir Joseph C. Lee and Mr. I. C. Waterhouse were re-elected 
directors of the company; and Messrs. Jones, Crewdson & Co. 
were reappointed auditors. 


The Edison and Swan United Electric Light 
Company, Limited. 


Tue seventh annual report of this company mme in our last 
issue) was presented to the shareholders at the meeting held in 
the Cannon Street Hotel, on Monday, the 28th ult., Mr. J. Staats 
Forbes presiding. 

The Chairman said it was one of the most embarrassing reports 
he had ever had to deal with. As it needed no apology, he was 


scarcely at home with it. He was old enough to remember when 


the meetings of the Edison and Swan were not quite of this 
character, because the results were not quite so satisfactory. Good 


wine needed no bush. The report itself was exceedingly brief; . 


the facts were chiefly to be found in the figures, which he would 
deal with somewhat generally. The important item, of course, 
was the profit and loss account, and the important part of it was 


that the balance to its credit, after making every fair and proper . 


deduction, was the very ‘respectable one of £61,115 3s. 3d,, 
enabling the company to devote it, if the meeting approved, to 
the full payment of 7 per cent. upon the capital, and a very con- 
siderable contribution in respect of those years, which were sadly 
too long, when, he remembered, there was no dividend to pay. 
They knew that the dividend upon the ordinary stock to the 
extent of 7 per cent. per annum was cumulative, i.e., in the years 
when it was not secured by the profits any balance would be 
carried forward as a claim on the future. Last year was 
evote a 
portion of the profits to wiping out arrears. This year 


he was happy to say they were able to devote a much larger 


sum for that purpose. Beginning on the debtor side, the stock on 
hand brought forward on the Ist of July, 1889, was 
£25,985 18s. 2d. He reminded honourable proprietors that the 
character of the business demanded that a very large amount of 
capital should be locked up in stock. These lamps were of great 
variety in form and power, and a great many people had very 
different ideas.as to the voltages eal the form they needed ; and 
in order to be in a position to supply the demand, the company 
must have a very large and various stock on hand. On the 
opposite side of the account there was a very large increase— 
from £25,985 18s. 2d. to £56,266 8s. 10d. He would say at once 
that only a very small proportion. of it was attributable to the 
increase in lamps, it having kept pace almost in arithmetical 
proportion with the increase in sales. A very large portion of the 
increase was due to purchases of platinum, which, with a certain 
amount of forecast, the directors had availed themselves of the 


opportunity of buying at prices which now, he feared, were very 


considerably exceeded. That platinum was carried into the 
account at cost price, and was held in reserve. In round 
numbers, that would account for some £25,000. The demand for 
platinum was increasing, and the supply did not appear to keep 
pace with the demand. Putting two and two together, the 
directors thought the price might go up, and had, therefore, laid 
in a considerable amount. For wages, purchases, &c., there was 
an item of £73,719 2s. 1d.; cost of comducting the business, 
£13,915 19s. 9d.; depreciation of plant, £1,838 17s. 9d.; and, on 
the other side, sale of lamps, fittings, &c., £118,865 15s. 1d.; 
interest on investments, £1,442 17s. 1d.; stock in hand already 
adverted to, £56,266; balance, £61,115 3s. 3d. The proposed 
appropriation was a very simple one. On one side was the 


balance of profit, £61,115 3s. 3d., and on the other what was 


proposed to be done with it. There was the dividend for the 
year ending 30th December, 1889, at 7 per cent. per annum, 
£12,371 14s, 7d. of which had been paid as interim dividend, and 
which amounted to £24,743 9s. 2d., and there was the claim upon 
the further profit. The accounts were kept from year to year, 
and the debt against each year wiped out, beginning with the 
more remote. The directors proposed to pay the balance of the 
cumulative preference dividend on the À shares, for the year 
ending 30th June, 1884, at the rate of 4 per cent., and that pay- 
ment not having exhausted the balance, they proposed a further 
payment on account of cumulative preferential dividend on the 
A shares at the rate of 4 per cent. for the year ending 30th June, 


- 1885. With that they had still £8,093 9s. 5d., which they pro- 


posed to carry to the reserve fund. Taking next the reserve 
capital account, there was no substantial alteration observable. 
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The capital was exactly as in the last account; the only figure 
affected was that under B shares. Those shares were entitled to 
one-fourth of the profits, after payment of a cumulative pre- 
ferential dividend of 7 per cent. per annum upon the A shares. 
The preferential cumulative dividend of 7 per cent. amounted, on 
the 30th June, 1890, to £110,609 17s., the balance amount 
remaining to be wiped out of future profits amounting to 
£26,257 5s. 5d. There were sundry credit balances, a reserve 
fund of £4,595 10s. 10d., which, if the shareholders confirmed the 
resolutions which would be presented to them as to dividends, 


would be further increased by £8,093 9s. 5d. On the opposite | 


side of the accoant they had an item of £235,614 9s. 3d., 
cost of patents, goodwill, preliminary outlay, loss on working, 
&c., as per last balance sheet. That had been from time 
to time subject to diminution by writing down realisation 
of property and so forth to the extent of £2,030 15s. 6d., 
inst which there was a sum of £2,439 5s. 1d., as further expen- 
diture incurred in extension of works or other purposes onl 
chargeable to capital, and the amount now stood at £236,022 18s. 10d. 
Then there was the item—amount of ‘ B” shares issued as per 
‘contra, £117,820. The shares referred to were those given to 
Mr. Edison and his friends as the value of their interest in the 
concern. They were deferred to the others, and some day—he 
hoped not a distant one—they would come in for a fourth of the 
profits of the undertaking, after paying 7 per cent. Other assets 
of the concern were:—Manchester Edison Swan Company, 
Limited, £100,000 “B” shares, at nominal cost, amounting to 
£12,000 ; freehold property, £33,306 9s. 7d.; plant and stock, 
£77,221 2s. 11d., including the large amount of £56,266 8s. 10d. 
referred to above; office furniture, £256 17s. 2d.; debtors, 
£15,203 15s. 11d.; investments, £27,500; and cash at banker’s 
and in hand, £31,563 0s. 6d. Not an inconsiderable amount of the 
ter qu capital was that item of freehold property. That pro- 
perty of a going concern, embracing as it did, the lamp factory at 
Ponder’s End, which was bought very cheaply indeed, on which 
-some money had been spent, and which was being extended from 


time to time, in order to meet a possible very great demand for © 


lamps, was set down at the very safe figure of what had been spent 
upon it. The item, office furniture, was happily disappearing. 
The debtors included bad and good. The account appeared to be 
a tolerably satisfactory one, and the shareholders might feel 
assured that very liberal allowance had been made on all heads on 
the debit side, and that the balance was absolutely without 
charge in respect of any cutting down or holding back of respon- 
sibilities which the current revenue ought to bear. He moved the 
adoption of the report and accounts, and to declare the following 
dividends :—(a) At the rate of 7 per cent. per annum, upon the 
“A” shares of the company, for the half-year ending June 30th, 
1890, making 7 per cent. for the year ; (6) 4 per cent., in comple- 
tion of payment of arrears of cumulative preference dividend, for 
the year ‘ending June 30th, 1884; and (c) 4 per cent., in respect 
of arrears of cumulative preference dividend for the year je, ça 
June 30th, 1885, to be distributed in accordance with Clause 87 of 
the articles of association. se 

+ motion was seconded by Mr. Leyland and carried unani- 
mously. 

Mr. Shelford Bidwell was re-elected a director, and Messrs. 
Welton, Jones & Co. were reappointed auditors. 

The Chairman, replying to a vote of thanks to the board, said 
he believed the reason why the per uen à had emerged from what 
at one time seemed to be a very perilous position, was the strong 
conviction which the board possessed that the concern was worth 
fighting for, and the exercise of a great deal of courage, combined 
with a good deal of forecast and prudence in insisting upon the 
rights of the company being upheld. Had the board not felt that 
it had a proprietory which trusted it entirely, and showed its con- 
fidence in it upon every occasion of good and evil report, it might 
in certain moments of anxiety, when the patents were being 
_ fought for, have broken down. It was the shareholders’ confidence 
in the board which kept it going, and he was very glad to think 
that it had been earned, and that it was continued now that the 
company was in better and smoother water. | 


The Globe Telegraph and Trust Company, Limited, 


THE seventeenth ordinary general meeting of the company was 
held on Tuesday, the 29th ult., at Winchester House, to receive 
the report and accounts for the year, &c. Sir John Pender, 
K.C.M.G., presided. The report states :— 

_ “The net revenue of the company for the year, after deduction 
of expenses, amounts to £193,499 4s. 10d., which, with the balance 
of £2,054 10s. 6d. brought forward, make a total of £195,553 15s. 4d. 
From this amount there has been distributed the sum of 
£130,806 5s. 8d. in interim dividends, leaving an available balance 
of £64,747 9s. 8d. 

“ The directors recommend the payment of a final dividend for 
the year of 3s. per share on the preference shares, and of 4s. 3d. 
per share on the ordinary shares, making, with the former distri- 
butions, a total dividend for the year of 6 per cent., less income 
tax, upon the preference and 5 per cent. net upon the ordinary 
shares (against 4§ per cent. for the preceding year), and carrying 
forward à balance of £118 18s. 6d. | 

“Since the last report 80 shares of the German Norwegian 
Company have been : sh for amortisation and paid off at par 
less exchange. It is probable that this cable may be acquired by 
the German Government within a short period. £890 stock of the 
Submarine Telegraph Company has been paid off, at-107 per £100 


. loss sustained by the company in Sir Daniel 


stock ; there is still a small return to be made by the liquidators. 
£200 of the Société Carmichael has been paid off. A further 350 
American Cable Company’s ($100 fully paid) shares with 5 
cent. guarantee of the Western Union Company of New York bave 
been added to the investments. : 

“The directors record with much regret the loss of their col- 
league, the late Sir Daniel Gooch, Bart. They have elected Mr. 
James Pender in his stead. 

“In conformity with the articles of association William Ford, 
Esq., and Sir Henry Daniel Gooch, Bart., two of the directors, 
retire, but, being eligible, offer themselves for re-election. 

“The auditors, Mr. John George Griffiths, F.C.A. (Messrs. 
Deloitte, Dever, Griffiths & Co.), and Mr. William Griffith, B.A., 
barrister-at-law, also retire at the meeting, and offer themselves 
for re-election.” | 

The Chairman said, were he to repeat the remarks made by 


him on the last occasion, they would be quite appropriate to de- - 


scribe the present state of affairs. On that occasion he pointed 
out that there was a considerable amount of prosperity prevailing 
in the telegraph system generally. They had terminated their 
battle in the Atlantic, and were receiving as many messages at the 
shilling rate as they had previously been at the sixpenny rate ; 
and, of course, their exchequer and, eventually, their dividends 
had been materially contributed to. During the last three years 
the company had been steadily progressing, just as the submarine 
companies had progressed, and to-day it occupied, on the whole, a 
very satisfactory position. The company during the year received 
£198,466 4s. 2d., and after deducting working expenses, there was 
a balance of £193,499 4s. 10d. A sum of £130,806 had been dis- 


‘tributed, leaving an available balance of £64,700 for the final 


dividends, which the directors recommended, of 3s. on the pre- 
ference shares, and 4s. 3d. on the ordinary shares, or a net divi- 
dend of 5s. per share on the ordinary shares, as inst the 
£4 12s. 6d. paid last year. A small balance was carried forward, 
but the company, being a trust company, was not bound to pay 
any large amount to the reserve. Taking the combined dividen 

of preference and ordinary shares during the seventeen years of 
the company’s existence, they found an average dividend of £4 6s. 
had been paid. The directors hoped to maintain the level of the 
present year’s dividend, viz., 5 per cent. With regard to sub- 
marine companies, it might be said the result of the Paris Con- 
ference had not been unfavourable. The policy of these com- 
panies was the very broad one, not only doing their work well, but 
so as to satisfy their customers and the general telegraphing 
public. The other day the British East African Company held a 
meeting in London, in which some idea of its work was given ; 
but, unfortunately, it was not stated that the Eastern (Telegraph) 


Company had at its own cost laid down a cable to connect the | 
British East African Company’s important port of Umbassa — 


with the still more important one of Zanzibar. That it 
kad done entirely at its own cost, and entirely in the 
interest of the British East African Company. The policy 
of the submarine cables was to follow the and to 
follow the trade wherever they found trade and civilisation 
alongside, so as to Cu | them on. The changes as regards sub- 
marine companies been very few in the last year, and the 
Paris conference would not materially affect them. One of these 
companies, the Eastern Extension, had made an arrangement 
with the Australian Governments to make the very bold experi- 
ment of reducing the tariff from 9s. 4d. to 4s. That had been 
done by the colonial governments guaranteeing the cable com- 
panies 50 per cent. of any loss. But the directors of these 
companies were so confident that the reduction of the rate would 
double the traffic, that they had not hesitated to take their part 
in the risk. The policy of the companies was a broad one, and 
the broader the more prosperous it was; and as the prosperity of 
the Globe Company was dependent on the success and joomensty 
of the cable companies, the shareholders might feel contident that 
what the other companies did would materially benefit their 
company. Changes in the company’s investments had been very 
few. It had acquired 350 of the American Cable Company’s 
shares. That company was guaranteed by the Western Union 
Company of New York, and the shares had been bought at a price 


which admitted of a fair return. The German Government had 
- taken over all the interests the company had in the German 


Union Company’s shares, and these had disappeared from the 
statement of the company’s assets. There on y remained the 
German Norwegian line, which no doubt would ultimately be 
acquired by the German Government. Having alluded to the 
h, Bart., he 
moved the adoption of the report and accounts, and to declare a 
dividend of 3s. per share on the preference shares (less income 
tax) and 4s. 3d. per share on the ordinary shares (free of income 
tax, already deducted), making, with the former distributions, a 
total dividend for the year of 6 per cent. upon the preference 
shares (less income tax) and 5 per cent. net upon the ordinary 
shares. 

The Marquis of Tweeddale seconded the motion, which was 
carried unanimously, the retiring directors and auditors were 
re-appointed, and, with votes of thanks and condolence, the 
meeting dissolved. 


Anglo-American Telegraph Company. 
Te report of the directors, to be laid before the ordinary 
general half-yearly meeting of the proprietors, to be held in 
the Great Hall, Winchester House, 50, Old Broad Street, in the 
City of London, to-day, at 2 p.m., states :—The total receipts from 
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_ received on each share. 
Santiago, Valparaiso, Concepcion, Iquique, Chillan, Talcahuano, © 
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the Ist January to 30th June, 1890, including the -esti- 
mated balance of £2,247 12s. 8d. brought forward from the 
last account, are estimated at £152,989 7s. 11d. This amount, 
however, is subject to revision, as the law-suit between 
this company and the Paris and New York Telegraph Company is 
still a 1 d The traffic receipts show an increase of £2,025, as 
compared with the corresponding period of last year. The total 
expenses of the half-year, including the new offices in New York, 
repair of cables, &c., as shown by the revenue account, amount to 
£53,945 93. 7d. One quarterly interim dividend of 12s. 6d. per 
cent. on the ordinary stock, and of 25s. per cent. on the preferred 
stock, was paid on the Ist May, 1890, absorbing £43,750, and a 
second quarterly dividend of 15s. per cent. on the ordinary stock, 
and £1 10s. per cent. on the preferred stock, will be paid on the 
lst August, 1890, amounting to £52,500, leaving a balance of 
£2,793 18s. 4d. to be carried forward to the next account. The 
company’s repairing ss.Minia has been engaged during the past half- 
year in the repair of the Northern Placentia cable, near Placentia, 
and of the St. Pierre-Duxbury cable, 270 miles from St. Pierre. 
The vessel was chartered tothe Direct United States Cable Company 
on two occasions for executing repairs, the remuneration for which 
will be found in the revenue account. The company’s cables and 


land lines are in good working order. Three new offices have — 


been opened in New York, viz.: No. 8, Broad Street; 16, Beaver 
Street; and 446, Broome Street. The results are encouraging. 
No progress has been made since the last report in the litigation 
between the Anglo-American Telegraph Company and the Paris 
and New York Telegraph Company, the appeal to the Conseil 
d’Etat not having come on for hearing. The agreement between 
the Société du Cable Transatlantique Francais (amalgamated with 
the Anglo-American Telegraph Company in 1873) and the Sub- 
marine Telegraph Company, for the laying, maintenance and 
working of the cable used by this company from Brest to Sal- 
combe expired on the 31st March, 1889. The French and English 
Governments bought the Submarine Telegraph Company’s pro- 
perty, with the exception of the cable above referred to, and, after 
long negotiation, this compauy has purchased the Brest-Salcombe 
cable from the liquidators of the Submarine Telegraph Company 
for the sum of £2,000, and by arrangement with the associated 
cable companies this company now maintains and works the cable 
for an agreed annual payment, which forms a charge upon the 
joint purse receipts. 


The Chili Telephone Company, Limited. e 


Tue first annual report of the directors, for the year ended 
March 31st, to be presented at the meeting of shareholders at 


Winchester House, on the 8th August, states :— 

The whole of the 40,000 shares offered in August last were sub- 
scribed for and allotted, and the full sum of £5 has been since 
The purchase money of the properties in 


Talca, Pisagua, Serena, Coquimbo, Tomé, Penco, Coronel, and 
Lota, has not yet been paid in full to the vendors. The transfer 


of these properties was, in due course, made to this company by 


the vendor company in America; but some shareholders of that 
company, resident in Chili, obtained an injunction to restrain the 
legal registration of the transfer, with the view apparently to 
secure to themselves a larger proportion of the vendor company’s 
assets than would fall to them upon a pro rata division with the 


shareholders in America. The action in the Chilian court is 


between the vendor company and a small minority of its share- 
holders. This company is not a party to it, but the board has 
used, and is using, its best endeavours to remove the impediment 
to the legalisation of the transfer. Negotiations are reported to 
be pending to settle the differences by compromise or arbitration ; 
either mode would raise the injunction, and allow registration to 


be completed. After much correspondence and considerable loss 


of time, the vendor company appointed this company’s general 
manager in Chili to be the general manager of the vendor com- 
pany there, and, consequently, since that appointment the 
business has been conducted without serious inconvenience. 
business has been carried on for this company since 1st May, 1889, 
and the net profit to 31st March, 1890 (after providing for the ex- 
traordinary depreciation in currency) amounts to £5,520 8s. 1d. 
The directors recommend a dividend of 2s. 6d. per share, being a 
fraction more than at the rate of 5 per cent. per annum from the 
time the capital has been received to the 3lst March last. This 
will leave £520 8s. 1d. to be carried forward to the account of the 
next year. The business is progressing satisfactorily. 


Ist May, 1889, 3lst March,1890. Increase, 
The number of Sub- 
scribers was 2,070 2,868 798 
The gross revenue 
was at the rate per 
annum of ... w+ $225,357 $300,346 $74,989 
The mileage was... 2,523 3,320} 7974 


The above increases were during 11 months only. The general 
manager in Chili has every confidence that, in the current year, very 
much more favourable results will be shown, and his estimate of 
improvement is confirmed by a continuous and rapidly increasing 
demand for telephones. Negotiations have lately been opened for 
the sale to this company of the property, plant, and business of 
the National Telephone Company of Chili (National Co. Tele- 
phonos Chile), in Santiago and Valparaiso, and the directors have 
been advised by cablegram of the purchase of the whole for £36,000. 


The 


That company was the only competitor with this company, and 
the directors having now, practically, the control of the telephone 
business in Chili, anticipate that the company’s revenue will be 
considerably increased ; while the requirements of the public will 
be fully met by necessary extensions and moderate and more 
uniform charges. In accordance with the articles of association, 
the Hon. F. Ernest Allsopp and Mr. Thomas Greenwood retire 
from the board of directors, but, being eligible, offer themselves 
for re-election. The auditor, Mr. Thomas A. Welton, also retires, 
and offers himself for re-election. 


_Spiel's Petroleum Engine Company. 


An extraordinary general meeting of the company was held on the 
29th ult. at the offices, Leadenhall Buildings, 11, Leadenhall 
Street, for the purpose of explaining the present position of the 
company. 

Major J. Heritage (the chairman) stated that an end had been 
put to all litigation, and questions between the company and 
Messrs. Shirlaw & Co., who had surrendered the exclusive licence 
held by them, and the company were fortunate in having come to 
arrangements with Messrs. Clarke, Chapman & Co., engineers, of 
Gateshead, whose licence would, however, not be an exclusive license. 
The company was free to grant licences to other people, with one 
exception. Messrs. Clarke, Chapman & Co. attached considerable 


’ importance to having the exclusive right of manufacturing the 


installation machines, and that had been given them. The 
prospects of the company were now much more promising. He 
moved that the directors be paid £250 per annum, and whenever a 
dividend of 10 per cent. or upwards shall be paid, an additional 10 . 
per cent. upon the net profits. . 

Mr. KR. A. Tiessen seconded the resolution. 

Mr. Neal moved as an amendment that the resolution should 
stand adjourned for 12 months, in order that a statement of 
accounts, showing the exact position of the company, might be 
presented. 

Mr. G. Williams seconded the amendment. .. 

Several shareholders expressed a doubt. if the company had 
money in hand sufficient to pay the directors if the resolution was 
agreed to; but eventually the amendment was negatived, 


The Maxim-Weston Electric Company, Limited.— 
An extraordinary general meeting of the Maxim-Weston Electric 
Company, Limited, will be held at Winchester House, Old Broad 
Street, in the City of London, on Thursday next, for the purpose 
of considering and, if deemed expedient, passing the subjoined 
extraordinary resolution which is intended to take effect under 
Sub-section 3 of Section 129, of the Companies Act, 1862, “ That 
it has been proved to the satisfaction of this meeting that the 
company cannot by reason of its liabilities continue its . business, 
and that it is advisable to wind up the same, and accordingly that 
the company be wound up voluntarily.” Should the resolution 
be duly passed, a further resolution will be proposed at the same 
meeting for the appointment of a liquidator or liquidators for the 
purposes of such winding up. ) 


The Schanschieff Electric Light and Power Com- 
pany, Limited.—Creditors of this company are to send their 
names and addresses and particulars of their debts or claims, to 
Messrs. S. de Lissa and H. A. Campbell, care of Richard Rabbidge, 
32, Poultry, London, on or before 4th August next, or to be ex- 
cluded from any distribution made before such claims are sent in. 


The Patent Electric Fire Lighter Company, Limited. 
—It has been decided to wind up the company voluntarily under 
Companies Acts, 1862 to 1867. Mr. W. J. Finch, of 21, Osborne 
Road, Broadstairs, is the liquidator. The assets of the company 
will be sold to a new company called the New Electric Fire Lighter 
Company, Limited, partly for cash and partly for debentures. 


Woodhouse and Rawson Electric Supply Company 
of Great Britein, Limited.—The petition for the winding up of 
this company, presented by Major Goodrich Holmsdale Allfrey, of 
Wakefield Park, Mortimer, Berks., will be heard before Justice 
Stirling, on Saturday, the 2nd August. 


Elmore’s Patent Depositing Company, Limited,— 
Application has been made to the committee of the Stock Ex- 
change to appoint a settling day and grant a quotation to this 
company. 


The West Coast of America Telegraph Company.— 
The directors have declared an interim dividend of 3s. per share 
for 1890. 


Chili Telephone Company, Limited.—The directors 
in their report to March 31st last, recommend a dividend of 2s. 6d. 
per share, leaving £520 to be carried over. 


BECEIPTS. 


The Brazilian Submarine Telegraph Company, Limited. The traffic receipts for 
the week ending July 25th, emounhed to £4,750. 


The Western and Brazilian Telegraph Compan 
ending July 25th, after ene the 
the London Platino-Brazilian Te 


. Limited. The receipts for the week 
fth of the gross receipts able to 
egraph Company, Limited, were £3,679. 
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SHARE LIST OF ELECTRICAL COMPANIES. 
Present Stock or Closing Closing Business done 
£ Highest, | Lowest. — 
250,000 | African Direct Telegraph, Ltd., 4 p. c. Deb. — and to ee 100 97 —100 97 —100 
i 1,549,160 | Anglo-American Telegraph, Limited … | Stock 50 — 51 49$— 504 50 - 
| 2,725,420 Do. do. Deferred ... seuss nee | Stock | 14— 144 | 133— 14}xd] 143 1348 
130,000 | Brazilian Submarine Telegraph, Limited .. 10 11j— 12 11i— 12 11} 114 
99,000 Do. do. 5 p. c. Bonds... 100 102 —104 102 —104 
75,000 Do. do. 5 p. c. 2nd Series, repayable J une, 1996 100 103 —107 103 —107 
63,416 | Brush a Engineering Ordinary, Nos. 1 to 63,416...  … 3 1j— 2 13— 2 
63,416 do. Preference, Nos. 1 to 68,416 ses 2 1g— 13 li— 13 
$7,216,000 Const Cable, Capital Stock ... $100 103 —105 103 —105 105 1034 
224,850 | Consolidated Telephone Construction and Maintenance, Ltd. . 14/-  : À 1 te 
20,000 | Crompton & Co., Limited, 7 p. c. Pref. Shares, Nos. 1 to 20, 000 | Stock 5 5} 54— 5fxd 
16,900 | Cuba Telegraph, Limited  … 10 123— 13% 125— 13} 134 
6,000 Do. do. 10p.c. Preference ie 10 17 — 18 17 — 18 
12,931 | Direct Spanish Telegraph, Limited ve (£4 only paid) 5 33— 4 os + 
6,090 do. 10 p. c. Preference ...  … ww 5 _ 9 — 10 9 — 10 9} at 
60,710 | Direct ‘United States Cable, Limited, 1877 20 103— 103 103— 10$xd 10% 103. 
400,900 | Eastern Telegraph, Limited, Nos. 1 to 400,000 © ae as 10 14 — 14} 13§— l4gxd) 145 14 
70,000 Do. 6 p. c. Preference 15 — 15 | 15 — 153xd) 157 15.3. 
200,000 Do. : p. c. Dehs. (1879 issue), repay. A i 1899 100 108 —111 108 —111 ap 
1,290,000 Do. 4 p. c. Mortgage Debenture Stock Stock | 106 —109 106 —109 108 ee 
250,000 | Eastern Extension, Australasia and China Telegraph, Limited 10 14 — 14}xd} 14 — 14 14} 14, 
320,000 Do. 6p. c. Debentures, repay. February, 1891 100 101 —103 101 —103 
446,100 Do. 5p.c. (Aus. Gov. Sub.), Deb., 1900, red. ann. drgs. ei 1C0 103 —106 103 —106 
12,500 Do. 5 p. c. Debentures, 1890, redeem. ann. drawings ...}. 100 103 —106 | 103 —106 
367,900 | Eastern and South African Tel., Ltd., 5 p. c. Mort. Deb., 1900... 100 100 —103 100 —103 101 | 100} 
19,900 | *Electricity Supply Co. of Spain, Nos. 101 to 20,000... 5 |  4$— 5} 4— 66 
46,700 | Elmore’s Patent Copper Depositing, Ltd., Nos. 23,001 to 70,000 6 — 
19,700 | Fowler-Waring Cables, Nos. 301.to 20 000 … (83 only paid) 5 2 — 2} 2 — 25 
180,227 | Globe Telegraph and Trust, Limited =... 10 93— 9% 8§— 98 9.5, 933 
180,042 Do. do. 6 p. c. Preference ... ss is 10 15k— 153 | 14§— 153 158 1415 
150,000 | Great Northern Tel. Company of Copenhagen ... > 10 153— 16} 15$— 163 16 153 
40,900 Do. do. 5 p. c. Debs. (issue of 1881) ...| 100 100 —103 100 —103 1024 
250,009 Do. do. do. (issue of 1883) … 100 105 —108 106 —109 
9,334 Greenwood and Batley, Ltd., Ordinary, Nos. 4,667 to 14,000 ... 10 12 — 13 12 — 15 
5,334 7p.c. Cumulative Preference, Nos. 2,667 to 8,000 10 | 11k-— 12} 11— 123 | 
41,600 Gutta-Percha and Telegraph Works, Limited ...| 10 194xd) 183— 195 | 18:15 | 193 
200,000 do. 4 p. c. Deb., 1896... … | 100 ‘| 108 —105 102 —104 
17,000 Indo-European Telegraph, Limited... fe ee és 25 37 — 39 37 — 39 
38,348 | London Platino-Brazilian Telegraph, Last ies ae 10 6— 7 G— 7 
109,000 Do. do. Debentures ‘100 107 —110 107 —110 
49,900 “Metropolitan Electric Su uPEly. Limited Nos. 6,101 to 50, 000 .. 10 44— 43 4 — 45 
436,700 | National Telephone, pag Nos. 1 to 436,700 …. see 5 5 — 5}xd) 43— 5 52. 415 
15,000 Do. . 6p.c. Cum. Ist Preference .. 10 12 — 124xd| 123— 123 123 
15,000 Do. 6 p. c. Cum. 2nd Preference (£8 only paid) _ 10 10}— 10$xd| 10 — 10; 
220,000 | Oriental Telephone, Ltd., Nos. 80,001 to 300,000 (11/- only paid) 1 j— 3 ee 8 
South f ‘Bogie T i h Ltd. “0 dina Nos. 1 
South of En e ep one, 2 rdinary, Nos. to 2,000, ; 
209,750 2,501 to 3,500, 93,251 to 300,000 1 
20,000 Do.. 6p.c. Cum. Pref., Nos. 1 to 20,000 (£34 only paid)| 5 23— 3} 23— 3 xd 
3,381 | Submarine Cables Trust  … oe Cert. | 112 —116 112 —116 114 i 
78,949 | Swan United Electric Light, Limited ES gl (34 ot only paid) 5 5 — 5! 5 — 5À 55, 5} 
37,350 | Telegraph Construction and Maintenance, Limite 12 43 — 45 xd] 42 — 44 | 438$ 424 
150,000 Do. do. do. 5p.c. Bonds, red. 1894 | 100 | 100 —102 100 —102 | 
55,000 | United River Plate Telephone, Limited ... 5 ._ 4 44 4 — 4ixd 
146,000 Do. do. 5 p. c. Debenture Stock... … | Stock 90 — 94 90 — 94 
100,090 Do. do. 7 p. c. Debs., Nos. 1 to 1,000 100 ‘és 
15,609 | West African Teleprashe Limited, Nos. 7, 501 to Pare 10 9 — 10 xd\ 9 — 10 94 ea 
300,000 Do. do. do. 5p.c. Debentures ... ses 100 99 —102 100 —103 1013 | 100 
30,000 West Coast of America Telegraph, Limited re eae 10 53— 6} 5 — 6 xd 6} 5} 
150,000 Do. do. do. 8 p. c. Debs, repay. 1902 .... 100 106 —110 106 —110 | | 
64,572 Western and Brazilian Telegraph, Limited sé 15 103— 103 10 — 103 10,5, 10} 
26,986 Do. do. do. 5p.c. Cum. Preferred .. es 74 64— 7 63— 7 
26,986 Do. do. do. 5p.c. Deferred... : 74 33— 4} 33— 4} È 
200,000 | Do. do. do. 6p.c. Debentures “à ” 1910... 100 | 106 —109 106 —109 
250,000 Do. 6 p. c. Mort. Debs., series “ B” of ’80, red. Feb., 1910 100 - 104 —107 104 —107 : 
88,321 | West India and Panama Telegraph, Limited  … ve 10 23— 25 23— 2% gui 28 
34,563 Do. do. ® 0. 6 p. c. 1st Preference és 10 11 — 114 11 — 11} 11$, 11}. 
4,669 Do. do. 6 p. c. 2nd Preference... 10 12i— 13} 12i— 13; 13 123 
1,336,000 Western Union of U.S. Tel. ? p. c. lst Mort (Building) Bonds $1,000 | 120 —125 120 —125 ~ 
179,300 Do. do. 6p.c. Sterling Bonds 100 99 —101 99 —101 
42,853 |*Westmstr. Elec. Sup. Corp. . Ord., Nos. 101 to 42, 953 (£2 only paid) 5 |  1}— 13 1i- 13 


* Subject to Founders Shares. 


LATEST PROCURABLE QUOTATIONS OF SECURITIES NOT OFFICIALLY QUOTED. 


Slackpool Electric Tramway Company, Limited, £10 (£63 paid), 73—73.—Electric Construction Corporation (£10 paid), 73—8}. 
; Elmore Copper Depositing Priorities, 53—6}.—Elmore Wire, } dis—par.—House-to-House Company (£5 paid), 5 —5}.—London 
Electric Supply Corporation, Ordinary (£5 paid), 1—2.—Manchester Edison and Swan Company, £9, (£1 paid), 12/- —14/-. 


Bank RATE or Discount.—5 per cent. (31st July, 1899). 
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COUNTY COUNCIL AND ELECTRIC 
LIGHTING. 


On Tuesday last, at the final meeting of the London County 
Council before the vacation (Sir John Lubbock in the chair), Mr. 
F.B. Westacott, as Chairman of the Highways Committee, reported 
that they considered that it would be desirable for the Council to 
authorise them to deal during the coming vacation with any matters 
within the scope of their reference which might require immediate 
action on the part of the Council. The Council was aware that it 
possessed extensive powers under the Electric Lighting Orders 
and Acts, which might have to be exercised before it reassembled, 
and other matters might arise requiring immediate attention. 
Should this authority be given, the committee proposed to report 
to the Council, at the first meeting after the recess, what, if any- 
thing, had been done under it. They recommended, and the 
Council resolved :—‘ That the Highways Committee be authorised 
to deal, during the veto. Age with any matter within the 
scope of their reference, which may require immediate action on 
behalf of the Council.” 

The same committee reported that they had considered a notice 
(registered No. 97), dated 16th July, 1890, from the London Elec- 


tric Supply Corporation, of intention to lay distributing mains in | 


Stanhope Street and Park Lane, as shown upon a plan submitted 
with the notice.. The proposed works were of the same kind as 
those of this company previously approved by the Council; and 
the committee recommended: “ That the sanction of the Council 
be given to the works referred to in the notice (registered No. 97), 
dated July 16th, 1890, of the London Electric Supply Corporation, 
upon condition that the company do give three days’ notice to the 
Council’s engineer before commencing the works ; that the mains 
be laid under the footways, and be kept 9 inches below the under- 
side of the pavement, wherever it is found to be practicable ; and 
that where the mains cross carriage-ways they be kept at the same 
depth below the concrete.” 
his was agreed to. 

The Parliamentary Committee reported as follows : “ Wé under- 
stand that another Electric Lighting Confirmation Bill is to be 
introduced, and that it will contain orders affecting the City of 
London. We were authorised on the 3rd June last to present a 
petition against any order which does not comply with the 
Council’s resolutions of the 28th January and 22nd April, 1890, and 
we have authorised the preparation and presentation of petitions 
in the event of any of the orders not complying with the above- 
mentioned resolutions. We recommend: “ That the employment 
of two counsel be authorised to support the petitions, if neces- 
sary.’”’ This recommendation was approved. 


LEGAL. 


Gibbs and Others v. Ferranti.—This appeal cam 
before the Lord Chancellor, Lord Herschell and Lord Morris, in 
the House of Lords last Thursday. It was an appeal against 
an order of the Court of Appeal affirming an order of Mr. Justice 
Kekewich, by which it was ordered that the Gaulard and Gibbs 
Patent, No. 4,362, A.D. 1882, should be revoked. 

Mr. Aston, Q.C., and Mr. J. C. Graham appeared for the 
garmin and Sir H. Davey, Q.C., and Mr. Moulton, Q.C., for 
the respondent. | 

The patent was granted in 1882 for an alleged invention of a 
new system of distributing electricity for the production of light 
and power by secondary generators, the invention being described 
a consisting in “the employment of an alternating current pro- 
duced by an electro-dynamo machine, and determining by its 
passage through an unlimited number of induction coils of special 
construction the creation of induced currents, whose quality and 
value NE solely upon the construction of the said induction 
coils.” 1886 the respondent presented a petition for the revo- 
cation of the patent, and the appellants thereupon applied to 
amend their specification by disclaimer, and the specification was 
accordingly amended. The Court of Appeal held that the effect 
of the amendment was to alter the nature of the invention for 
which the patent had been originally granted, and therefore 
revoked the patent. | 

Their Lorpsurrs affirmed the decision of the Court below, and 
dismissed the appeal with costs. Judgment affirmed and appeal 
dismissed with costs. 


The International Cable Company, Limited.—The 
petition of Alfred Sohier Bolton, a member of a large firm of wire 
manufacturers at Cheadle, for the winding up of the International 
Cable Company, Limited, was again before Mr. Justice Stirling on 
Saturday. Mr. Graham Hastings, Q.C., having stated the case for 
the petitioner on the 19th inst. 

Mr. Bucxzey, Q.C. (with whom was Mr John Chester), replied 
on behalf of the company. He said that his lordship had already 
delivered a judgment in this matter by which, of course, he was 
bound. The petitioner was.a member of a firm of wire manufac- 
turers, and had taken 1,000 shares in the expectation that he 
would be repaid by a contract for wire for the company. In the 
former decision his lordship came to the conclusion that the main 


object of the company was that stated in clause A of the memo- 
randum of association, viz., to establish, maintain and work lines 
of telegraphic communication between the Azores and points on 
the coast of Canada and elsewhere. Now, his observation upon 
that would be this :—Clause A was not to work lines of telegraphic 
communication under a particular concession, but was to work 
particular lines of telegraphic communication. His lordship came 
to the conclusion that the real and primary object was to work the 
concession from the Portuguese Government, which had been 
referred to in the prospectus. What his lordship thereby held 
was that the object of the company was to establish, maintain and 


work lines of telegraphic communication between this oountry, 


Portugal and the Azores; and the question now was—Had that 


object become impossible, in the sense that this company could not 


carry it out, and was one shareholder, not supported by others, 
entitled to say the business had become so impossible that he was 
entitled to the winding-up order, although the other shareholders 
did not agree with him, and although no meeting had been called 
to consider whether this course should be followed or not. Admit- 
ting, for the sake of his argument, that ‘the date had passed, the 
Portuguese Government had neither declared the concession 
forfeited, nor had they expressly continued it. But, on the 5th 


inst., a measure to allow, promote, and support by a subsidy the 


laying and maintenance of a cable from Lisbon to the Azores was 
passed; and his evidence was that Signor Cavallo, who was 


largely interested in this company, and who had great influence © 


with the Portuguese Government, expected to obtain the conces- 
sion under this measure, and would be willing to transfer it to 
this company. The object of the company, therefore, was, he sub- 
mitted, not impossible. 

Mr. WARRINGTON, for 3,410 shares, which he said represented 
£34,100, supported the petition. 

His Lordship, without calling on Mr. Hastings to reply, said he 
thought that the order must now go. On the evidence now 
before him he was perfectly satisfied that the original concession 
granted by the Portuguese Government, on the faith of. the 
existence of which the shares were subscribed, was completely 
gone, so completely that a new law had been passed by the Portu- 
guese Legislature authorising a new concession altogether. His 


_ view was that this company was formed to work that original 


concession, and, though the objects of the association were not 
limited to that particular concession, still that particular con- 
cession was mentioned in the prospectus, and by the terms of the 
prospectus a large portion of the capital was to be appropriated to 
carrying out that particular concession. That concession was 
gone. All that now appeared was this; there was a suggestion 
that the Portuguese authorities were likely to grant the new con- 
cession (which by the recent legislation, they had been authorised 
to grant), to Signor Cavallo, who was said to be willing to trans- 
fer that concession to this company. But all that was mere 
speculation. It was mere speculation that Signor Cavallo would 
obtain the concession at all, and secondly it was mere speculation 
that if he did get it he would transfer it to this company. All 
that could be said was that after the delay which had taken 
place Signor Cavallo had expressed his willingness—he had not 
entered into a binding agreement—to transfer it to the company 
if the Portuguese Government yielded the concession to him. It 


seemed to his Lordship that there was no reasonable prospect of 


any such concession being obtained, and, therefore, it was useless 

to continue this company. 

| His Lordship accordingly made a winding-up order in the usual 
orm. 


Edison & Swan Co, and Others v. Bayley Bros.— 
This case came on last Saturday, in the High Court of Justice, 
before Mr. Justice Stirling. 

Mr. Aston: Would your lordship allow me to mention what 
will he a very short matter. It is the case of the Edison & Swan 
Co. v. Bayley, in which I am instructed to say that it has now been 
arranged between the parties that an order shall be taken on the 
terms that the defendants shall submit to a perpetual injunction, 
pay the costs, and take a license. Then I apply to your lordship, 
supposing this meets with your approval, for a certificate that the 
particulars of breaches are reasonable. | 

Mr. Justice STIRLING: I am not going to try whether the 
particulars of breaches are reasonable, or certify anything about 
it. I know nothing about it; but if you agree, I agree. | 

Mr. Leverr: I pi eng for the defendants, my lord, and I cannot 
say that the particulars are unreasonable. 

Mr. Justice STIRLING : Very well then; take it by consent. 

Mr. Aston : Ii your lordship pleases, 


The Lightning Conductor Controversy. —The Western 


Electrician, of Chicago, has published the. writings of 


both Dr. Lodge and Mr. Varley on this subject. 
The editor, as is the case with Mr. Varley, cannot 
reconcile himself to the statements of Dr. Lodge, that 
“iron is as good or even better than copper for the 
purpose of conveying currents alternating with extreme 
rapidity,” and that the extra resistance of a thin iron 
wire, used as a lightning conductor, has advantages 
over those offered by a thick copper rod. We draw the 
attention of both disputants to another article on the 
same topic which appeared in our last issue. 
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The Institution of Electrical Engineers. 


“The Working Efficiency of Secondary Cells.” By W. E. 
Ayrton; C. G. Laws, E. W. Smitn and M. W. Woops, 
Associates. Read at Edinburgh, Wednesday, July 16th. 


(Continued from page 110.) 


_ The following table gives a resumé of these results, all the dis- 
charges being made with 10 ampères until the P.D. fell to 1'8 volts 
per cell, and all the charges being made with 9 ampères until 
the P.D. per cell rose to 2°4 volts. Before each rest the cells were 
charged until the P.D. per cell was 2°4 volts. 


| ELECTRICAL REVIEW 


of a charged accumulator appear to be far more serious for the 

accumulator than we had previously imagined, the worki 

efficiency ap to be higher than has hitherto been sup ; 

since we believe that about 84 per cent. efficiency in the watt- 

reg is all that the advocates of accumulators have claimed for 
em. 

_The smallness of the first discharge after a rest might be due 
either to a kind of electric short-circuiting and dissipation of the 
energy, or to some change in the character of the active material 
converting the energy perhaps directly into heat, or to some of 
the active material having become disconnected from the plates, 
during the rest, and having fallen down to the bottom of the cell. 
The smallness of the first charge subsequently to the fitst dis- 
charge after the rest, shows that mere slecteloal leakage during 
that time has not been the cause of the loss of energy, while the 
steady increase in the storage capacity brought about by a series 


- 


Discharge. Charge. : Percentage efficiency. 
| | | 
Ampere-hours, | per N of | | Ampere-hours, | s per N of. Quantity. | Energy 
Cells in Normal State. Fe 
h. m. | | | | 
8 | 1088 |: 1045 MOT. : 972 | 874 
fated Rest of 10 days. Cells then charged and discharged many times until brought to a steady working state. 
| Rest of 12 days. Cells then charged and discharged many times until brought to a steady working state. 
| 5 Rest of 16 days. Cells then charged and discharged several times until brought to a steady working state. 
8 24 | 926 161:3 | 14 | 9386 | 862 | 190:5 | 15 | 958 | 847 
Rest of 16 days. First discharge and charge after rest. 
| ! Ratio of first discharge 
| after rest to last charge 
| | before rest. fa 
541 | 566 1105 ee, “11 158 3 17 Ratio of first discharge 
after rest to first char 
after rest. | 
| | | | à. 
| Paes Cells now charged and discharged several times until brought to a steady working state. 
8 0 | 80 1569 18 | 9 20 | 838 | 184:6 | 19 95°5 | 85:0 
Rest of 16 days. First discharge and charge after rest. : | 
| Ratio of first discha 
| | after rest to last dis- 
| | before rest. 
| | Ratio of first discharge 
| | | | after rest to first charge 
| after rest. eds | 
| Cells now charged and discharged several times until brought to a steady working state. 
| | 


| 


783 | 1735 97°1 | 86:3 


From the preceding table it will be seen that, in spite of the 
continued charging and discharging at the end of each rest, 
there is a steady falling off in the quantity capacity from 101:9 
ampére-hours at the beginning to 76 ampére-hours at the end, 
and in the energy capacity from 201°7 watt-hours to 149°5 watt- 
hours. The quantity and energy efficiencies, 97:1 and 86:3 per 
cent respectively, at the end are the same as at the beginning. 
Comparing the first discharge after each of the 16 days’ rest 
with the last charge before the rest, there appears to be a loss of 
about 36 per cent. in the ampère-hours, and about 43 per cent. 
in the watt-hours; or, since the normal quantity and energy 
efficiencies for a discharge immediately following a charge are 


respectively 97 and 87 per cent., it follows that the rest of 16 


ays causes a loss of about 33 per cent. in the ampére-hours, and 
about 30 per cent. in the watt-hours, in addition to the losses 
that normally occur on a charging immediately followed by a 
discharging. 

From all that precedes, it follows that the previous history of 
an accumulator produces an enormous effect on its efficiency. If, 
for example, an E.P.S. accumulator be over and over again 
carried round the cycle of being éharged up to 2°4 volts per cell 
and discharged down to 1'8 volts per cell, the charging and dis- 
charging currents being the maximum allowed by the makers— 
viz., 0'026 ampére per square inch in charging, and 0‘029 ampére 
per square inch in discharging—the “working efficiency” thus 
obtained may be 97 per cent. for the ampére-hours and 87 per cent. 
for the watt-hours. If, on the contrary, the cell be constantly 
charged up before being tested, then for the first few charges and 
discharges between the above limits, and with the same current- 
density in charging and discharging, even the.energy efficiency 
may be as high as 93 per cent.; whereas, if the accumulator has 
been left for some weeks, then, although it was left charged, the 
energy efficiency for the first few charges and discharges will be 
as low as 70 per cent. | 

While, on the one hand, our tests show that continued rests 


of charges and discharges tends to show that rest brings about 
some change in the nature of the active material. 

In all the tests in which the results are given in the precedin 
table, the charge and discharge were, as already stated, terminate 
when the P.D. per cell reached a fixed value; it is, therefore, 
possible that the apparent falling off in the capacity of the cells 


— to store energy may be due to a change in the resistance of the 


cells produced by the rest. For a change in the resistance of the 
cells will change the terminal P.D. for a given current flowing 
through the cells without there being any necessary change in the 
storage capacity. | ° 

It is, therefore, interesting to study the variations in the shapes 
of the P.D. curves, 8 to 23. First, as regards the charge curves, 
9 and 11 are convex everywhere to the axis of time, except just 
when the charging is commenced; whereas 13, the steady working 
charge curve after the second rest, rises much more rapidly when 
the P.D. cell is about 2°3 volts than is the case in the other two 
curves, then bends over and becomes concave to the axis of time. 
This peculiarity in curve 13 is, we notice, not very striking in the _ 
small reproduction of this curve in the text, but in the original 
curves, as plotted on large sheets of squared paper from the 
results of the tests, the difference between curves. 11 and 13 is 
very noticeable. 

The following list gives the time in hours and minutes from 
the commencement of the charging when the P.D. per cell reaches 


2°2 volts :— 
Curve 9... 7 h. 14m. ... Steady working charge before rests. 

» after first rest. 
» 17... 3h. 54m. ... First charge after fourth rest. 
» 19... 5h. 43 m. ... Steady working charge after fourth rest. 
» 21... 4 h. 50m. ... First charge after fifth rest. 
» 23...4h. 40m. ,,, Steady working charge after fifth rest. 
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It is clear, then, that the effect of a series of rests is to cause the 
P.D. to rise much more rapidly in subsequent charges, and the 
time curve rise of P.D. still remains unusually steep, although at 
the end of every rest there was a prolonged and uninterrupted 
series of charges and discharges. 

Curves 16 and 20, which give the values of the P.D. for the 
first discharges after the fourth and fifth rest, show that for the 
first hour from the beginning of each of these discharges the P.D. 
rises instead of falling, as is the case in normal discharges. 

If the rapid fall of P.D. at the commencement of a discharge be 
due to a disappearance of gases occluded in the plates, as » ome 
have supposed—or if, as Dr. Gladstone and Mr. W. Hibbert 
imagine, the charging of a cell causes the acid round the positive 
plate to become denser than that round the negative, and the 
mixing of the denser and less dense acid at the commencement of 
the discharge causes the P.D. to fall—then the atsence of this fall 
at the beginning of a discharge after a long rest would be ex- 
plained; but neither of these theories would apparently explain 
the rise of the P.D. obtained by us at the commencement of a dis- 
charge after a long rest. Indeed, the fact that it required two dis- 
charges and two charges after a long rest before the discharge 
curve (the third after the rest) acquired its normal form, tends to 
show that this rise of P.D. at the commencement of the first dis- 
charge after a long rest is due to some other cause. 

Again, Prof. Duncan and Mr. H. Wicgand have shown in their 
communication that the diffusivity of the sulphuric acid into the 
plugs is greatest at the end of the charge, and least at the end of 
the discharge. Hence, if it be the diffusing out of the strong sul- 
phuric acid from the plugs of the positive plate that causes the 
rapid fall of E.M.F. on breaking the charging circuit at the end of 
a charge (see figs. 3, 4, and 11), one would hardly expect that it 
would be at the end of the discharge, when the diffusivity of the 
acid in the plugs was a minimum, that the rise of E.M.F. on 
breaking the discharging circuit would be most rapid, but that 
uumerous experiments have shown us to be the case. In fact, 
curve No. 8, fig. 11, shows that towards the end of the charge 
the E.M.F. falls from 2°298 to 2‘274 volts in 20 seconds after 
breaking the charging circuit, and similar curves that we have 
drawn from our experiments on the time rise of E.M.F. on 
breaking the discharging circuit show that towards.the end of the 
discharge the E.M.F. rises from 1‘951 to 1°970 volts in 20 seconds, 
the latter rate of rise being almost exactly equal to the former 
rate of fall. | | 

All the rests already referred to occurred when the cells 
were fully charged; but before these long rests took place 
the cells, when in their normal state, were on one occasion 
po to remain discharged for 34 minutes, with the following 
result :— | 

Cells in Normal State. 


Time taken to complete— 
Charging 11 h. 38 m. 


Next 
‘Next 


Discharging 10 h. 10 m. 
Next 


Next ,;, 10 h. 11m, : 
Cells here remained discharged for 34 minutes. 
| . First charging after rest, 11 h. 50 m. 
First discharging after rest, 10 h. 15 m. © 7 
Next charging after rest, 11 h. 42 m. 


These results emphasise the fact that accumulators are 


11 h. 37 m. 
10 h. 12 m. 
11 h. 37 m. 


‘damaged if left discharged even for a short time, and it was for 


this reason that during the whole of this investigation the cells 
were never left discharged for a longer time than was necessary 
to change over the connections from discharge to charge, except 
on this one occasion when it was desired to ascertain the magni- 
tude of the change produced by leaving the cells discharged for a 
short time. 

It is interesting to notice that the effect of discharging cells 
too low, or of leaving them discharged, is to increase the times 
required for thesubsequent chargings, whereas the effect of leaving 
them charged is to diminish the times required for the next 
chargings. 
VIII.—CHEMICAL ACTION. 


Dr. Frankland has shown that probably the discharge of an 
ordinary accumulator is accompanied by the formation of one or 
other, or both, of the new lead salts which he has isolated, and 
which have the formule (Pb,S,0,,) and (Pb;S;0,,) respectively. 
And he concludes that, in view of the great difficulty of electro- 
lytically splitting up the well-known white sulphate of lead 
(PbSO,), this sulphate is not formed in the ordinary discharge of 
the accumulator, and is only produced when the cell begins “ to 
sulphate.”’* 

Prof. W. Kohlrausch and C. Heim show in their paper already 
referred to that the observed variations in the specific gravity of 
the liquid during charge and discharge agree well with the very 
simple chemical actions— 

Charge. 
Positive plate— 


PbSO, + 2 H,0 + SO, = PbO, + 2 H,SO,. 
Negative plate— 
PbSO,'+ H, = Pb + H,SO,. 


Contributions to the Chemistry of Storage Cells.” Proc. 
Roy. Soc., vol. xlvi,, 1889, p. 304, | 


Discharge. 
Positive plate— 


PbO, + H,S0, + H, = PbSO, + 2 H,0. 
Negative plate— 


_ Pb + SO, = PbSO,. 


It is to be noticed, however, that the falling off in the specific 
gravity during discharge is merely a test of the amount of H, SO, 
that is converted into H,O, and affords no criterion as to what sul- 
phate of lead is formed by the SO, liberated. 

During our investigation we observed the variation in the specific 
gravity of the liquid during about 100 charges and discharges, and 


the mean of this large number of the fairly consistent results that — 
we obtained showed that, with the accumulators we were testing, 


the variation in density per ampére-hour was about 0'000232. 
This result is probably right to within 5 per cent., for our hydro- 
meter would read accurately to about 0:001, which is about 5 per 
cent. of 0°03, the total change in specific gravity observed during 
the discharge ; and, therefore, as each result is correct to some- 
thing like 5 per cent., the mean of a hundred results will certainly 
be correct to within 5 per cent. 

On referring to tables of the density of dilute sulphuric acid, 
we find, by plotting the results, that between the limits we are 
concerned with—1‘2 and 1:17—the change of density is directly 
proportional to the amount of SO, taken from the solution; and, 
further, that to produce a change in density of 0°01 at 15° C., it 
requires that 1 gramme of dilute sulphuric acid of density 1°2 
should give up 0‘01268 of a gramme of SO; And as the 
liquid in each cell weighed about 10,490 grammes when the cell 
was charged and the density 1:2, it follows that the weight of SO; 
liberated per ampere-bour in each cell, when calculated from the 
variation in the specific gravity, must equal— 

2 a x 001268 x 10,490 grammes, 


or 3086 grammes. 


Further, the electro-chemical equivalent of SO; is 0‘000414 
grammes per coulomb ; and since lead sulphate is formed on both 
the positive and negative plates during the discharge, the weight 
of SO, taken out of the liquid per ampere-hour, when calculated 
from the electro-chemical equivalent of SO;, must be 


2 x 3,600 x 0:000414 = 3041 grammes. 


These two results show a close agreement. At the same time, it 
is to be noticed that not merely does the amount of SO, liberated 
per ampere-hour come out somewhat higher when calculated from 
tne mean change in the specific gravity than when calculated from 
the chemical equivalent, but the same result is obtained for each 
separate set of tests. 

Mr. G. H. Robertson, working in Dr. Armstrong’s laboratory, 


was so good as to analyse the sediment that fell to the bottom of 


the cells during the early part of the investigation, when in the 
discharges the P.D. was allowed to fall to 1°6 volts per cell. The 
mixture was found to contain— 


An indication of uncombined metallic lead, 
A trace of antimony, 


40°95 per cent. of nes lead ; i.e., 473 per cent. of PbO, 


6°35 oxygen 
34°63 lead 

5°36 50°74 ,, ss ‘“PbSO, 
10°75 oxygen — 


98°04 | 
so that 196 per cent. consisted of metallic lead, antimony, and 


The composition of the sediment showed a clo:e approximation 
to PbO,, PbSO,, which consists of— | 


44°08 per cent. of PbO, 
5592 ,, 4  PbSO, 


PbO,, PbSO,, in fact, contains— 
76'33 per cent. of Pb 
5°91 ,, 
17°76 O 
and the sediment contained— 


75°58 per cent. of Pb 
5°37 » »» Ss 


1805 ,, 


Dr. Frankland’s salts may be represented as PbO, 2(PbSO,) 
and 2(PbO) 3(PbSO,) respectively, whereas the analysis of the 
deposit in our cells showed that it was certainly neither of these 
lead salts, but, instead, had almost the exact composition of 
PoSO,. - | 

In spite of accumulators with pasted plates having been in 
use now for nine years; the chemical action that takes place 
during the different stages of the charge and discharge has only 
been conjectured, and, odd as it seems, no decisive experiment 
appears to have been made to settle this much debated question. 
Various analysis have been made by different chemists of salts of 
lead acted on in certain ways with sulphuric acid, but apparently 
not of actual accumulator plates in action. We are therefore 


now, with the assistance of Mr. Robertson, making a complete 


investigation of the chemical state of the plugs of both the 
positive and negative plates at all stages of the charge and dis- 
charge of an 1888 E.P.S. type of accumulator in good condition. 
As this investigation, however, involves the chemical analysis of 
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a mn 27 number of specimens, it will take some time yet to 
complete. 


In order to observe what changes took place in the tempera- 
ture of the cells during charge and discharge, the temperature of 
one of the cells under test was observed from time to time, as 
well as the temperature of the air and the temperature of an 


adjacent cell through which no, current was being passed. The 
following temperature results, which were obtained during the 
steady discharges and charges after the first rest of ten days 


(curves 10 and 11), are a sample of the observations taken. The 
discharge in each case commenced directly the P.D., in charging, 
had reached 2°4 volts per cell, and the charge in each case 
commenced directly the P.D., in discharging, had fallen to 1°8 volts 


ELECTRICAL REVIEW. 


H. Wiegand in America, and described in their joint investigation 
already referred to. ane 

the last table we the of of the 
cell during charging may, after allowing for changes mpera- 
ture of the room, be either abeut 1:3° Cor 0°77° C., while the fall 
of temperature during discharging may have either of the two 
preceding values. It is further interesting to notice that the rise 
of temperature during the charging has the higher or the lower 
of these two values, according as the fall of temperature during | 
the previous mag omy a the higher or the lower value. 

On plotting the differences between the temperatures of the 
working and the idle cell, and the corresponding times given in 
the last table, we obtain the dotted line, 24 . 8), for the time . 


per cell. fall of temperature during the first and arge, curve 25 
| | 
Cell under test. Temperature of Timefrom | Difference between| or faliof temperature 
| | beginning ot | ‘Saifander test | during s complete discharge or 
State. ‘Temp. Air. Idle cell. or charge. a temperature of idle cell, 
July 10th ...| 1 10 | Charged | pr 1 
| 11 20 | Discharged ... 186 | 186 | 185 10 10 01 
116 55 | Charging 196 18-84 5 35 0°76 
21 6 .| 199 19-0 18-9 9 46 | +12 charge. 
# 22 50 | Charged | 202 188 18-9 11 30 13 ) | 
July 11th...| 7 55 | Discharging 1900: | 1886 | 191 9: 055? 
» 8 50 | Discharged 186 185: | 164 10 0 
. 11 38 | Chargin 19:05 | 186 18°4 2 48 0°65 
15 10 18:5 6 20 0'8 
19 50 197 190 18-7 11 0 [+077 charge. 
5s 20 25 | Charged 201 19:0 18°73 11 35 1:37 
» «| 21 42 | Discharging 1995 | 1895 | 18°85 1 22 110) à 
July 12th...| 5 40 i 18°72 18°75 18°75 9 20 van — 140 ,, discharge. 
» «| 6 20 | Discharged 1872 | 1875 | 1875 9 55 0-03 
7 50 | Charging … | 198 18-65 187 30 06 
fs 10 30 bs | 195 19:0 18-78 4 10 0-72 ( | 
19 1961 | 191 | 18-77 6 20 : 
» «| 17 45 | Charged {| 2040 | 1926 | 191 11 25 1:30 
» «| 21 30 | Discharging se 19-96 19:25 | 19: 3 45 0°85 
July 13th 0 22 ; 19: 19-1 19-1 6 37 0°6 
1973 | 192 | 1916 | 9 10 
” 3 52 Discharged eee ee eee ese 10 7 eee x 
is 3 58 | Just started charging 19°78 19°08 19°15 Go. § 0°63 
10 20 |Charging … 19-2 19:15 | 6 28 0°85 | | 
2005 | 192 19-15 8 8 0:90 +077 charge. 
i 14 20 2030 | 1925 | 192 10 28 11 
15 30 |Charged …  … 206 | 194 19-2 11 38 14 


Difference of temperature of working cell and idle cell. 


Hours from the beginning of the discharge or charge. 


Fia. 8. 


From the preceding table we see that, while during the charge 
the cell rises in temperatare, during discharge, on the contrary, 
it actually falls ; hence, in spite of the production of heat due to 
resistance, the cell is actually cooler at the end of a discharge 
than at the beginning—a result possibly due to the splitting up of 
the sulphuric acid during the discharge. This cooling of accumu- 
lators during discharge, which we noticed early in our experiments, 
was also observed at about the same time by Prof. Duncan and 


for the time rise of temperature during the first and third charge, 
curve 26 for the time fall of temperature during the second and 
fourth discharge, and curve 27 for the time rise of temperature 
during the second and fourth charges. 24 is dotted, since tem- 
perature readings were only taken at the beginning and end of 
the first and third of these discharges. In the case of the second 
and fourth of the discharges here referred to, as well as in all the 
four charges, séveral observations of temperature were made. 


‘ 
4 
| | 
| | 
: Variation of temperature during discharge and charge. 
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From the curves if appears that towards the end'of the discharge 


and at the beginning of the charge, one or other: of two things 
may ba the temperature in the discharge may go on 
falling, as in the dotted line, 24, or it may begin to rise again, as 
in 26; whereas, in the charge, either the temperature at the be- 
ginning’ may‘rise considerably, as in-curve 25, or it’ may only in- 


crease slightly; as in curve 27: 

It would therefore appear that during the latter part of the 
discharge one or other of two chemical actions can take place ; 
and these two actions have, for some reason or other, taken 
place alternately’ in the four discharges: under consideration. 
But, curiously: enough, these four discharges—which took place on 
July 10th, 11th,.and 12th; 1889—occurred’ with extreme regu- 
larity ; so that when the time curves were drawn, even on a large 
scale, for each of these disc es, they coincided exactly and pro- 
duced a single curve, which is shown, greatly reduced, as curve 
10 on the sheet of curves given in the earlier part of the paper. 
And, similarly, for the four corresponding charges the four time 
curves all coincided exactly, Hota seen a single curve, which is 
shown, greatly reduced, as curve 11 on the same sheet.{ It, there- 
fore; seems as if one or other of two chemical actions might take 
place during the latter portion of the discharge and during the 
earlier part of the charge, and yet, curiously enough, when the 
current is kept absolutely constant the time variation of the P.D. 
is exactly the same, no matter which of these two chemical actions 
takes place. 

About a year later another set of continuous temperature obser- 
vations was made for many days and nights with the same cells, 
the current in discharging and charging being, as before, 10 and 9 
ampéres respectively. The higher P.D. limit was, as before, 2°4 
volts per cell, but the discharge was in each case in this second set 
of continuous discharges and charges, stopped at 1:9 instead of 1'8 
volts per cells. As the regulation of the current day and night 
was in these later experiments in 1890 effected by hand, it was not 
kept quite as constant as when the automatic regulator was 


Variation of temperature during discharge and charge. 


y, 


0 A hen 


C 
BS 


Difference of temperature of working cell and idle cell. 


Time in hours from beginning of discharge or charge. 
Fig. 9. 


employed. Hence the time curves for the excess temperature in 
discharging and charging, when plotted, were not found to be as 
regular as in the previous case. But they were quite regular 
enough to give the general shape of the sets of temperature 
curves for discharge and charge which are shown in fig. 9. 

It will be observed that in these experiments not merely does 
the excess of the temperature of the working cell over that of the 
idle cell fall during the discharge, but it actually continues to fall 
at the commencement of the charge 


The times of discharging and charging are less than those given _ 


for curves 10 and 11, partly because the: P.D. was not allowed to 
run down lower than 1-9 volts per cell in the later observations, 
and partly because the times of discharging and charging had 
been diminished by the continued experimental rests to which 
these cells had been subjected-in a charged state during 1889. 
The mean temperature of one of our cells is during chargin 
and discharging, roughly, 0°7° C. higher than that of the air ; an 
experiment shows that if one: of the cells experimented on be 
warmed up by a portion of the ordinary dilute sulphuric acid being 
replaced by warm ee acid of the normal density, the cell 
will, after all parts of it have acquired a uniform temperature, fall 
in temperature by 0'2443° C. per hour. Of course, during such an 
experiment no current is allowed to pass through the cell, nor 
should any current have passed‘for hours before the heat emis- 
sivity of a cell is determined, otherwise a wrong value of the 
emissivity may be obtained by local action in the cell generating 
or absorbing heat during the experiment. 
Hence, if kK be the heat capacity of the cell, 0‘7 x 0°2443 x 
K x 2H calories (gramme, cena Te) will be lost by radiation 
and convection during the 21} hours of charging and discharging. 
Now the weights and specific heats of the component parts of one 
of the cells under test are :— 
Weight in Grammes, Specific Heat. 
Dilute acid, sp. gr. 19  … 10,490 
Lead and lead oxide...  … 12,987 ... 0°0815 


Hence, 0‘2443 x equalé 2,295 calories, and the loss of heat in 
charging and discharging equals 34,520 calories. The total watt- 
hours given to a cell in charging was 2282 (see curve 11 
for the working results obtained with the cells after the first 
rest of 10 days), therefore the energy in calories given to the cell 
was 0°24 x 228°2 x 3,600, or 197,200 calories. ence, in conse- 
quence of the cell being slightly warmer than the air during 
charging and discharging, there is a loss of energy from radiation 
and convection equal to about 17 per cent. of the energy put into 
the cell, and this is more than sufficient to explain the total 
loss observed in the energy efficiency experiments, which amounts 
to only about 13 per cent. Indeed, it would almost seem as if 
a portion of this heat radiated must be supplied by an actual 
slow consumption of the material of the cell; so that, in addi- 
tion to the reversible oxidation and deoxidation of the material, 
which is the characteristic of the secondary ceil, there was a cer- 
tain amount of non-reversible oxidation, which is the characteristic 
of the primary cell. | 

The loss of energy in consequence of the current having to 
overcome the résistance of the cell is of far less importance than 


_ the loss of energy due to the actual continuous radiation and con- 


vection from the cell, which is slightly warmer than the air. For 
the mean resistance during discharging of one of the cells experi- 


mented on may be taken as 0004 ohm (see Section IX., Resist- 


ance, figs. 12 and 13), and the mean resistance in charging as 
0°0045 ohm. Hence, during the normal 10 hours of discharge with 
10 ampères there will be generated, 

0°24 x 10? x 0°004 x 10 x 3,600, or 3,456 calories, 
and during the normal 111 hours of charge with 9 ampères, 

O24 x 9? x 0:0045 x 111 x 3,600, or 3,621 calories. 
Only, therefore, 3,456 calories need be dissipated during the 
discharge of a cell, and 3,621 during the charge, in consequence of 
the heat produced by the current overcoming resistance ; and to 
dissipate this amount of heat it would only be necessary that the 
mean temperature of the cell should exceed that of the air by 
about 0‘14° C., or only about one-fifth of the actual mean excess. 


Whereas what actually takes places is that during discharge about 


16,060 calories are dissipated by radiation and convection ; and, 
further, the cell cools down, ibly in consequence of the 
splitting up of the sulphuric acid, and from 6,000 calories in some 
experiments to 12,000 in others are thus absorbed. During the 
charge these 6,000 or 12,000 calories reappear warming up the cell, 
and, in addition, about 18,460 calories are dissipated by radiation 
and convention. 


In order, then, to improve accumulators, what has to be 


especially sought for, and, if possible, then prevented, is that 


chemical action which keeps the mean temperature of the cell 

about 0°7° C. above that of the air. This chemical action is very 

possibly quite distinct from the reversible one which necessarily 

accompanies the storing up of the electric energy and its subse- 

quent liberation. | - 
IX.—RESISTANCE. 


The resistance in ohms of an accumulator when charging and 

discharging is given respectively by 
“25, ont 

where v is the P.D. in volts at the terminals when a current of 
A ampéres is passing, and E is the E.M.F. of the accumulator at 
the moment v is meas To measure E the main Circuit is 
broken, and the P.D. observed as quickly as possible. ‘On break- 
ing the circuit, however, the deflection of the voltmeter does not 
sharply change from the value that measured v to another definite 
value that measures E; but, on the contrary, as seen from fig. 4, 


in consequence of the fall of the E.M.F. of an accumulator on 


breaking the charging circuit, and in consequence of a similar 
rise in the E.M.F. on breaking the discharging circuit, the volt- 
meter deflection continues to vary for several minutes after the 
circuit is broken. Hence the value of ©, measured by a volt- 
meter which is not infinitely dead-beat, must be too small during 
charging, and too e during discharging ; and consequently, 
since the above formule for the resistance are only true when 
v and E are the simultaneous values of the P.D. at the terminals 
of the accumulator and of its E.M.F., it follows that the resis- 
tance has hitherto been measured too large both in charging and 
discharging. 

The magnitude of the error that has been thus made in 
different experiments depends, of course, on how dead-beat a 
voltmeter was employed, and, consequently, on how long a time 
was allowed to elapse between the breaking of the main circuit 
and the taking of thereading. For example, we find that towards 
the end of the charge with the normal current of 9 ampères the 
E.M.F. varies about 1 cent. in 20 seconds after the circuit is 
amp . Now, as the difference between v and E, which measures 
the resistance, is only of the order 0°1 volt when it has its maxi- 
mum value during the normal charge or discharge—that is, of the 
order 4 per cent. of =—it follows that an error of 1 per cent. in the 
measurement of £ would make an error of about 25 per cent. in the 
measurement of the resistance. 3 

To measure the resistance accurately, we ought to be able to 
measure the difference between v and & to one-thousandth of a 
volt, and; therefore, as E is about 2 volts, the voltmeter must 
be very sensitive, with a long, open scale, and the needle must 
move through a considerable angle; whereas, in consequence of 
the rapid variation in £, the voltmeter must be very dead-beat— 
a condition almost incompatible with a long range and great 
sensibility. (To be continued.) 
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THE TELEPHONE IN SWEDEN AND 
NORWAY. 


In February of this.year a report on the telephone and its exten- 
sion at Stockholm and Gothenberg was presented to Parliament, 
and now another, referring to the telephone system at Chriatiania, 
has been printed. From this report we learn that the Interna- 
tional Bell Company was the first, in 1880, to establish telephonic 
communication at Christiania. In 1881 a “Telephone Associa- 
tion” entered into competition with it, and obtained by the end 
of that year 224 subscribers, against 462 subscribers to the Bell 
Telephone Company. The two telephone systems continued to 
operate in competition with each other until the end of December, 
_ 1885, when the Bell Company had already ‘fixed 995 apparatus, 
and the Telephone Association 634, representing ‘an aggregate 
total of 1,629 subscribers. Their amalgamation into one company 
was at last effected by pressure on.the part of the municipality, 
which prohibited the Bell :Company and the :Association :from 


putting up any more wires se y. 
On'the 1st January, 1886, Christiania Telephone Compary 
superseded the two original companies, which were indemnified 
on the following terms, namely :— 

Bell Company (its property was valued at 


Telephone Association ‘(valuation of property, 

Total £20,384 


‘he capital of the Christiania Telephone Company :is 500,000 
kroner (about £27,890), raised on 2,500 shares of .200 kroner 
(£11 23. 3d.) each. ‘The dividend declared for 1889 amounted to 
5 per cent. on that capital, and the shares now stand at 25 per 
* cent. premium. The number of subscribers on the lst January, 

1890, was 2,133, and their increase, expressed as a-percentage, has 
been as follows:— 


Per cent. 
1889 ove … 534 


The total number of apparatus under the control:of ‘the: 
at the end of 1889 was 2,405, of which 68 belonged to subscribers. 

The following are the regulations under which telephones are 
established and worked in Norway :— _ 

By a Royal decree issued in 1884, a law of July 31st, 1859, regu- 
lating the construction-and-maintenance of railways and telegraph 
lines in Norway was made applicable to the establishment of 
telephonic communication. In virtue of that decree permission 
has been granted to companies to establish telephonic communica- 
tion either between towns and surrounding districts, or in rural 
districts between: such districts, or with neighbouring towns, the 

licenses remaining severally in force for a period of five years. 
No exclusive right is given to individual companies, but no licenses 
are granted to competing companies before all the localauthorities 
have been consulted. A royality is payable under a license only 
when the telephonic communication has been established between 
two or more places where telegraph stations are maintained by 
the State. The royalty annually payable is then calculated.on a 
scale proportionate to the receipts from telegraphic correspondence, 
between the points in question, and is generally fixed at one-half 
or one-third of such revenue. The licenses contain no conditions 
as to the purchase of the telephone exchange systems by the State, 
either within the periods for which they have been granted or on 
the expiration of non-prolongation of a license. The State allows 
telephone companies to place exchanges in connection with tele- 
graph offices at their own cost, and without any responsibility on 
the part of the telegraph service for secrecy or accuracy of trans- 
mission. No charge is made to companies for such connection. A 
few companies have erected on their lines public telephone sta- 
tions, to which telegrams can be-sent ‘from telegraph office in 


the country. The companies are allowed to charge’for the trans- . 


mission of the telegrams sent by their lines a general rate of 0:50 
kroner (62d.), regardless of thenumber of words. The tariff books 
of the State telegraphs specify this rate, and give the names of the 
telephone stations. 

An exception, however, from this arrangement has been made in 
regard to the connection of a couple of places, where there had 
previously been State telegraph offices, with a private telephone in 
a neighbouring town. In these cases the State has given a sub- 
vention once for all, on condition that call offices should be pro- 
vided, no extra charge made for telegrams, and a moderate ‘tariff 
fixed for other use of the telephone from the points in question to 
the central office. The telephones established in certain rural 
districts by the State are regarded as part of the telegraph system, 
and are to some extent worked on telegraph lines that are utilised 
by the telegraph during only part of the year. In such places 
contracts are made for certain short periods ef years with the 
interested parties, under a communal guarantee to the effect that 
an efficient clerk not connected with any mercantile business will 
be kept at the cost of such parties, and that the contractors will 
undertake the entire working of the telephone station, including 
free accommodation, lighting, heating, and the services of a 
messenger. They are granted a small subvention not exceeding 
200 kroner (£11 2s. 3d.) per annum, and a small return of the 
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charge for each conversation through the telephone is made to 
. Telegrams are in such cases free of extra charges. In a couple 
of -valleys, through the State telegraph lines run, telephone wires 
have been erected on the telegraph. poles in order to connect road 
posting stations with the nearest telegraph office. These offices 
are all established on the principle just mentioned, except that the 
contracts remain in force for 10 years, and the contractors receive 
no subvention from the State, which has defrayed the cost of the 
lines and erection of the telephone stations, and which undertakes 
the repair of the lines and the keeping of the apparatus in order. 
With regard to the description of telephone generally used, the 
So sending the report to the Foreign Office (Mr. T. 
itchell) says it is the ordinary apparatus with magneto-electrical 
call bells. Relatively few apparatus of the electro-magnetic type, 
with which signals are given by battery current, are in use. The 
transmitters are generally on Blake’s, and only a few on Ader’s 
system. The receiver is either a Bell (one pole), or a Siemens . 
(two pole) telephone. At the exchanges in Christiania and Bergen 
the central apparatus consist of multiple switchboards, but at; all 
other places of switchboards of older construction. The apparatus 
are partly patented, and the State has no right to use or;make 
them. The cost of a complete telephone, comprising one trans- 
mitter and one receiver, ranges, according to decorative finish, 
between 72 kroner (£4) for a magneto-electrical apparatus from 
the Elektrisk Bureau at Christiania, or from Ericsson at Stockholm, 
and 56 kroner (£3 2s. 8d.) for Bell Blake’s apparatus, from the 
Bell Telephone Manufacturing Company at Antwerp. The 
average cost of maintaining in working order a complete .tele- 
phone (transmitter, receiver and battery, or magneto-electrical 
call bells) is reckoned to_be from 15 to 20 kroner :(16s. 8d. to | 
22s. 3d.) perannum. The wires used for the State telephone lines 
are all of silicium bronze, of a gauge 2 mm. in diameter. Except 
at Christiania and Bergen, where silicium bronze wire 1°25 mm. in 
diameter is partly applied, the private companies use for the 
exchanges Swedish iron wire of 22 mm. in diameter. At Chris- 
tiania ærial cables, containing 27 or 52 .wires, are used in the 
vicinity of the central station. For inter-urban lines iron wire 
3 mm. in diameter is used on short distances, and silicium bronze 
from 1:5 to 2°5 mm. in diameter on longer ones. The average cost 
per annum to the companies of maintaining 1 kilom. of wires is 
calculated to:be from 10:kroner to 15 kroner (11s. 144.:to.16s.'8d.). 
Private inter-urban wires are not .allowed to be erected on the 
State telegraph poles. The State telephone wires are erected 
on the telegraph poles on the English system, which has 
been effective‘in preventing induction. The average cost of poles 
i i +he place where-the construction of-lines-takes 
lace. The State pays for the best poles, 25 feet long, 6 inches in 
rs at the top, with 3 to 4 inches heart, on an er 
30 kroner (33s. 4d.) per dozen. ' The prices of poles supplied to*th: 
Christiania “Télephone Company are as ‘follows:—For pine 
25 feet in length, 20 kroner (22s. 3d.); ‘for fir, 22 “kroner 
(243. 6d.) per dozen; for pine, 50 feet in length, ‘70 kroner 
(77s. 9d.) ; for fir, 85 kroner (54s. 6d.) per dozen.’ The cost of 
wire is the ordinary market price. Silicium bronze wire, more 
especially, has been ve range 2 of late in price. The porce- 
lain insulators ‘for the State telephone lines (the type being the 
same as that used for telegraph lines) cost about 0°50 kroner (63d.) 
a piece. The cost of the double insulators used by the private 
companies isabout 0°17 kroner (2d.) The cost of labour in the 
erection of the State telephone lines is thesame as that for tele- 
graph lines,.and varies greatly according to the more or less 
mountainous ground to passed. The average cost is about 
80 kroner (88s. 11d.) per kilom. The private companies estimate 
the cost of labour at about 30 kroner (333. 4d.) along the roads. 
On the houses.it varies very much. The average may be said to 
be 25 kroner (27s. 9d.). It may here be remarked that 
the exchange and office work of the Christiania Telephone 
Company is principally performed by females. “The annual 
charge for the use of a telephone in connection with an 
exchange varies greatly in the different companies: in the 
mutual societies, where the subscribers are owners of the lines, the 
apparatus, and the central station, the charge is from 30 kroner 
(333. 4d.) to 60 kroner (663. 8d.) per annum. When the companies 
are founded on shares, the annual charge is within the first circle 
generally 14 ‘kiloms. from the central station) from 50 kroner 
on 74.) to 100 kroner (111s. 2d.), and is increased for greater 
distances. The Christiania Telephone Company, founded on 
shares, make an annual charge for the lst circle of 80 kroner 
(£4 83. 11d.), with an addition of 7°50 kroner (8s. 4d.) for each half 
kilom. beyond. The subscribers of telephone companies founded 
on shares are generally bound for one year. The mutual societies 
have not bound themselves to give any compensation for lines and 
apparatus belonging to former members. On the State telephone 
lines there is no special charge made for the telephoning of tele- 
rams. For conversations by telephone the charge is 0°20 kroner 
(2%d.) to 0°50 kroner (63d ) for five minutes. Public call offices are 
provided only ina few towns. At Christiania they are generally 
established in the house of a subscriber (generally a shop), who 
receives a remuneration of 30 per cent. of the revenue, the charge 
for each conversation being 0°10 kroner (14d.), whether to sub- 
scribers or non-subscribers. All the telephone exchange wires are 
ærial and single. The existing trunk wires between towns (com- 
munications inter-urbaines) are all maintained by the companies, 
namely, between the following places :—Christiania-Gjévik, annual 
royalty to the State 300 kroner (£16 133. 4d.),) distance about 110 
kilom., charge for five minutes” conversation 0:50 kroner (G#d.). 
Christiania-Hônefos, distance about 60 kilom., charge for five 
minutes’ conversation 0°50 (64d.). Drammen-Kongsberg. Chris- 
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tiania-Moss, annual royalty to the State 2,000 kroner (£111 2s. 3d.), 
distance about 60 kilom., charge for five minutes’ conversation 
0°50 kroner (63d.) Skien-Porsgrund, royalty to the State 500 
kroner (£27 15s. 7d.). Porsgrund-Langesund, royalty to the State 
200 kroner (£11 2s. 3d.) The State has the right to erect poles 
and wires on public roads and private property against full com- 
pensation for value and damage under the provisions of the law of 
July 31st, 1859. Companies have no such legal right, but the 
local authorities and the landowners generally give permission to 
that effect, without making any charge, the establishment of a 
telephone exchange being in the interest of the local inha- 
bitants. The State telephone lines are regarded financially as 
part of the telegraph system, and the expense of their main- 
tenance is e to be covered by the revenue they yield. 
The total number of telephone exchanges (all private) in Norway 
is 30. The number of subscribers to each exchange, and the total 
number of inhabitants in each town or locality are shown ina 
statement hereunto annexed. The Government does not interfere 
in the establishment of private telephone systems to a greater 
extent than may be necessary in order to avoid collision between 
the different companies, and in order to protect the interests of 
the State telegraphs. In the latter respect the State only requires 
remuneration for a decrease in the number of telegrams exchanged 
between telegraph offices, contingent on the establishment of tele- 
phone lines between the same places. The system on which 
telephones are established and worked in Norway seems to be well 
adapted to a country of which the population is spread over a large 
extent of territory. The telephone exchange systems have, more 
especially in the two or three last years, grown rapidly—first, 
within the limits of certain towns or parishes, and then expanding 
to the surrounding districts or parishes. The telephone is being 
more and more regarded as a convenience of household necessity. 

What bells are for calls inside a house, the telephone is for out- 
. side calls; and as there is no charge for royalties, &c., included in 
the cost of establishing an exchange, the subscription rate can be 
made so low that the acquisition of a telephone apparatus is within 
the reach of moderate means. 

There are three appendices to the report, the third of which is 
as follows :— 


The Number of Subscribers to each Telephone Exchange in 
Norway is:— | 


Subscribers. Inhabitants. 
Christiania... 2,133 140,000 
Strémsborg... <n 7 Rural districts. The 
Sandviken ... 11 Christiania Telephone 
Lillestrommen 16 Company. 
Malméen ... 9 | 
Drébak 13 2,000 
Hônefos 13 1,400 
Bergen 750 50,000 
Trondhjem... 315 25,000 
Drammen ... snd 145 20,000 
Stavanger ... 148 24,000 
Fredrikstad 142 12,000 
Fredrikshald in 97 11,000 
Laurvik 90 11,000 
Skien 94 7,000 
Moss ... . 70 7,000 
Tromsô 63 6,000 
Tônsberg . … 62 7,000 
Christianssuiid 51 10,000 
Christianssand 50 13,000 
Arendal... 50 4,000 
Porsgrund ... ie 37 | 4,500 
Langesund ... Lately established. 
Aalesund ... 37 T7000: 
Kragerô __... one 28 5,000 
Hammerfest … 21 1,500 
Sarpsborg ... ssa 37 2,800 
Haugesund ... ‘ne ? ? Lately established. 
mar - ? ? 
Horten 70 6,000 
Bodo...  . ? ? Lately established. 
Kongsvinger... 97 
Elverum ... ioe 57 ? Rural districts. 
Slokmarknæs-Mebbo 7 
Vormsund ... 23 
rogs ‘as | elephone Company. 
Nannestad... 5 
Eidsvold sé 27 Rural districts. 
Gran... esta- (| The Oplandenes Tele- 
Ostre | oten Gjôvik blished { phone Company. 


NEW. PATENTS—1890. 


10939. “ Electric lamp holder and switch for capped incan- 
descent lamps.” (C. McDonazp. Dated July 14. 


10941. “Improvements in electrical contacts or collectors of 

coca for railways and other purposes.” F. Wynne. Dated 
y 14. 

11017. “Improvements in or relating to conduits and perma- 
nent way for electric railways.” W.P. THompson. (Communi- 
cated by J. Lynch, United States.) Dated July 15. (Complete.) 

11042. ‘ Improvements in electric thermometers and thermo- 
graphs.” J. W. Goocx, C. A. Baker and W. Wuire. Dated 
July 15. 

11045. “Improvements in printing telegraphs.” W.W. TAYLOR 
and E. M. Leavens. Dated July 15. (Complete.) 

11052. ‘ Improvements in telegraph receivers.” C. LANGpon- 
Davies. Dated July 15. 3 ey 

11061. “Improvement in electric railway switches.” H. H. 
yon . (Communicated by W. D. Swart, United States.) Dated 

y 15. 3 

11065. ‘‘ Improvements relating to the impregnation of organic, 
fibrous, and cellular matter, by means of an electric current, and 
apparatus therefor.” G. A. ONCKEN. Dated July 15. 

11070. “Improvements in and connected with electric . 
measuring instruments, incandescent lamps, telephone trans- 


formers, electrically worked organs, and materials for Jellygraph 


copying and printers’ rollers.” J. SWINBURNE. Dated July 1 

11130. ‘“ Improvements in insulating compositions for electrical 
purposes.” A. N.Forp. Dated July 17. 

11187. ‘“ Improvements relating to the manufacture of articles 
by electro-deposition, and to compositions for use in such manu- 
facture.’ A.W. Apmstrone. Dated July 17. 
11193. ‘ Improvements in electrical switches.” 
Dated July 17. | 

11240. “ in electric arc lamps.” J. Y. JOHNSON. 
5 seme by L. Bardon, France.) Dated July 18. (Com- 
plete. 

11263. ‘“ Improvements in wall sockets for temporary electric 
connections.” J.M.M.Munro. Dated July 19. be, 

11272. ‘An improved ceiling rose for the suspension of elec- 
trical fittings.” T. R. Anprews and T. Preece. Dated July 19. . 

11312. “An improved device for maintaining electrical con- 
nection between separate railway trains.” J.P. Bayzy. (Com- 
municated by A. Baker, United States.) Dated July 19. 

11319. “Improvements in apparatus to be used for electric 
welding.” H.Howarp. Dated July 19. 

11327. ‘ Improved electrically operated stamping and crushing 


J. TRECZIOK. 


machines.” C.T.J. Vaurin. Dated July 19. 


ABSTRACTS 
OF PUBLISHED SPECIFICATIONS, 1889. 


4125. “Improvements in holders for mcandescence electric 
lamps.” W.0O. Rooper. Dated March 8. 8d. The holder consists 
of a cylindrical body made of vulcanite fibre, ebonite, china, or 
other suitable non-conducting material, to the outer surface of 
which are attached two or more spring clips which embrace the 
neck of the lamp bulb or globe, and two metallie attachments 
fitted with binding screws for connecting the leads to the lamp 


wires. The upper external part of the body of the holder is screw 


threaded to receive a screwed cap of brass or other suitable 
material, having a hole in the centre of the top thereof, through 
which the leads or conducting wires are passed on their way to the 
aforesaid metallic attachments. 5 claims. 


5976. ‘An improved automatic electric alarm clock.” A. 
LeyYLAND. Dated April 8. 8d. Has for its object that of pro- 
viding an electric alarm that will ring until stopped, and re-set 
itself ready for being operated, according to the time intended by 
the alarm dial. 4 claims. | | 


6384. ‘Improvements in and se to electric switches.” 
A. A. GozpsTon. Dated April 13. 8d. Claims:—1. In an elec- 
trical switch, the combination of a switch lever provided with two 
conducting pieces insulated from each other and adapted to be per- 
manently connected to the main circuit, and two pairs of contacts, 
one of which pairs is designed to be connected with the terminals 
of the circuit to be introduced, while the other pair is in electrical 
connection, all arranged and operating substantially as described. 


_ 2. An electrical switch adapted to cause the main line current to 


pass through an “introduced” circuit or through a short circuit, 
the arrangement being such that when the current is passing 
through the short circuit the terminals of the “introduced ” 
circuit will be out of electrical contact with the switch or with 
themselves, substantially as described. 3. The manufacture and 
nse of the improved electrical switch described and illustrated in 
the drawing. | 


8157. “ Improvements in switches for electric signalling appa- 
ratus.” L. SELLNER. Dated May 16. 8d. Relates to switches 
by means of which any desired lamp from a number of white and 
coloured or continuously and intermittingly lighting electric 
incandescent lamps can be interposed into the circuit of an 
electric current generator, in order to give a signal, while, at the 


_ same time, an equal number of other lamps, provided for main- 


taining in the circuit unvariable resistance, are put out of circuit. 
6 claims. | 
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18638. “Improvements in the mode of driving electrical 
vehicles.” A. Dickinson. Dated November 21. 6d. The gear 
is all mounted in an extra frame, one end of which is pivoted upon 
one of the bogie axles, and the other end is so mounted in a radial 
axle box or horn plates that this end of the frame is free to move 
upwards and downwards, but its liberty is governed by spring 
arranged to check its movement within certain defined limits. The 
central bearing of this moving end of the frame is circled so as to 
permit each of the two rail wheels to move unevenly without in- 
terference with the frame. The mutor is mounted on a shaft near 
the centre, in suitable bearings, and transmits the motion through 
helical gear and counter shafts to the bogie axle on each side. 3 
claims. 


CORRESPONDENCE. 


Electric Light Fittings. 


With reference to your note of the electric light | 


fittings at the Hotel Metropole, Brighton, we are much 
surprised that Messrs. Benham and Frowde should have 
informed you so incorrectly of the true facts of the 
case. ; | 

The electric light fittings at this hotel were supplied 


by at least four different firms, none of whom were | 
responsible for the designs, which were supplied by Mr. 


Alfred Holland, one of the directors. Our firm sup- 
plied the fittings for the entrance and main halls, 
drawing rooms, library and reading room, smoking 
room, staircase, principal corridors, standards for 42 
principal bed rooms, and fittings for all bath rooms 


many offices. 


It can hardly be said, therefore, that the electric light 
fittings have been supplied by Messrs. Benham and 
Frowde, and we are informed that the above form 
certainly the majority of them. 


B. Verity & Sons. 
July 26th, 1890. 


Steno-Telegrapby. 
In your paragraph on “ steno-telegraphy,” published 


in your number of July 18th, p. 71, you compare the 


latest form of Wheatstone’s automatic instrument, such 


as now in use in England, and M. Cassagne’s system. | 
- It is, nevertheless, a fact that this latter system—per- 


fectly simple and reliable as it is—enables a single 
operator to punch his tape at a rate of speed not hitherto 
attained in telegraph work (100 orthographic words, 
or 200 shorthand, 7.¢., phonetically spelt words, per 
minute). | 

This speed can be maintained for hours at a stretch. 
Moreover, the message is received in type. 

This system is the only one, so far, which enables 
four persons, at the outside, to transmit 400 words per 
minute ona single wire. The difference between these 
four persons and the regular army of operators required 
for the same result with the Wheatstone system, is too 
important to be looked over by impartial minds. 

The commercial aspect of the question can be summed 
up as follows :— | 

With two operators at each end of a line wire (four in 
all), M. Cassagne’s instruments can send 400 words per 
minute. What would be the number of words sent by 
the Wheatstone in the same time, and with the same 
number of men ? 


3, Rue du Mont Thabor, 
Paris, July 28th, 1890. 


L. H. Despeissis.. 


Brush v. King. Brown & Co. 


This judgment does not in the least surprise me, but 
! must confess to being greatly amused with the idea of 
80 much money being wasted in lawyer’s fees. 

I have come to the conclusion that there is scarcely 
one valid patent in existence. This is not merely a 


hastily formed and speculative opinion, but is based on . 


a most careful study of the patent specifications ; a 


study to which I have devoted my spare time during 
the last six or seven years. | 

Nothing can be further from my thoughts than to 
insinuate that any of the existing patents have been 
obtained by those who were not bond fide inventors. 
Those patentees have doubtless acted in perfect good 


faith, and without the least desire to appropriate the © 


lapsed or uncompleted patent of their predecessors. 
But the fact remains that very many inventions on 
which patents are now held without dispute, are antici- 
pated, and set forth in former specifications with far 
clearer language than Mr. Varley used. | 
_ It is obvious that my remarks are to be taken in a 
broad and general sense. Every invention must neces- 
sarily be new at some time or other; but it certainly 
seems very curious that many of the existing patents 
are to be found very exactly described in the specifica- 
tions of twenty or more years'back. — 

| C. Purcell Taylor, D.Sc. 

July 28th, 1890. | 


Secondary Battery Manipulation. 


I have not the slightest doubt that Mr. Barber- 
Starkey’s communication on the above subject, which 
appeared in a previous issue, will be read by many 
with interest, and, probably, by himself and others, 
may be considered new ; but this really is not the case, 
as the methods communicated by him are neither new 
nor novel, nor can they be considered any improvement 
in storage battery manufacture, according to present 
knowledge ; in fact, this ancient method, as suggested 
by Mr. Starkey, is rather a detriment to success than 
otherwise, as I well know from practical experience, 
having as far back as 1882 manufactured, in conjunction 
with Dr. Woodward, the inventor of the Woodward 
system, storage batteries in numerous shapes and forms, 
many of which I have still by me as historical produc- 
tions, showing some of the early work carried out in 
connection with this section of the industry; and, 
singular to say, amongst them is a cell in which the 
plates are divided by a compound packing of pulverised 
cocoanut fibre, boxwood, gypsum, &c., which was used 
by us as a separator of the lead plates. We also used 


many other forms of insulation, some of which were 


made from xylonite, Blake’s embonita, vegetable ivory, 
and other fibrous materials suited for this purpose, 
which batteries, in various forms of manufacture, were 
publicly exhibited by my late firm at the “ Engineering 
and Metal Trades Exhibition,” held at the Agricultural 
-Hallin the year 1883, and other exhibitions of more recent 
date ; and as a record of experimental research, | may 
say that in our experiments we found that pulverised 
cocoa-nut fibre was the best adapted for the purpose we 
then had in view, the manufacture of a compact form of 
_spongy lead plate which could be closely packed side 
by side without fear of buckling or short-circuiting the 
cell when used for traction work ; but, after many ex- 
periments, this type of cell was abandoned by Dr. 
Woodward for his improved method, as now uni- 
versally adopted by all makers of the Woodward cell, 
thousands of which are in daily use, doing good, active 
work in the United States of America, Canada, and 
other parts of the world ; and in all probability in the 
near future a like effect may follow in this country. I 
may also say that I explained Mr. Starkey’s proposed 
plan to Mr. Joel, and many others in the trade, years 
ago; and, if my memory serves me rightly, I believe 
patents were afterwards granted to Mr Joel and also to 
a Mr. Tatham, the former for the use of cocoa-nut 
fibre separator, and to the latter for the use of sawdust 
and cellulose packings in combination with lead or 
other alloys for storage batteries, and as neither of 
these batteries have ever come to the front as a success, 
I presume the inventors came to the same conclusion 
as myself, that there was no value in the supposed 
inventions, or we should have heard more about them. 
The use of a little permanganate of potash, carbonate 
_of soda, sulphate of soda in combination with mercury, 
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if well mixed with the acid solutions, or even com- 
pounded with the lead when in a ‘molten state 
(although not a new idea), has undoubtedly certain 
advantages—it assists formation, besides making the 
plates more homogeneous when used in combination 
with the Woodward, Plante, or other type of spongy 
lead plates. | 

As a matter of history, 1 may say that the use of 
carbonate of soda is a very old idea, and was recom- 
mended by me some years ago, and is duly recorded in 
the English Mechanic notices, and anyone interested in 
this subject can, by referring to same, find the report. 

Moreover, I may mention that I supplied Mr. J. 8. 
Sellon with specimens of this class of spongy lead 
compound type plate as far back as 1885; also Mr. 
Crompton in the year 1887—both of whom can testify 


to the fact, should Mr. Barber-Starkey require further 


verification of the fact—consequently further comment 
upon this point from me is unnecessary. 

I may say that sawdust and all fibrous packings and 
separators have a tendency to absorb and retain 
moisture, and owing to their porosity will occlude 
gases, which is an advantage; but this method of 
packing the plates does not and will not prevent 
evaporation, as Mr. Starkey supposes, and the reason 


why he found his cells in such a placid state was 
simply because they had been kept idle and at rest, for — 


it is well known by all experts that the evaporation of 
the liquid never occurs to any great extent, except in 


cases where the cells are either overcharged or have 
been too rapidly discharged when in use. Evaporation — 


will then occur, which is caused by the expansion of 
the ethereal energy stored up in the shape of minute 
molecules consisting of “a something,” the component 
parts of which have yet to be determined by the aid of 


chemical science, which mysterious element may pro- 


bably be a compound of etherealised ozone, or a species 
of azotic gas, most probably absorbed by the positive 
plate and held in combination with the oxide element 
contained in the cell. I have my own views upon the 
matter, but not being so well versed in chemical 
matters as I should like to be, I must leave the solution 
of this problem to our chemical savants to solve. 


Arthur Shippey. 


The Lineff Electric Traction System. 
I read with considerable interest the careful and ably 


_ written report in your last issue by Mr. Kapp upon the 


new Lineff system of electric traction. The report 
itself is very fair and impartial—such as one might 
expect from the author—but I should certainly like to 
touch upon one or two points in this report, as well as 
the system described. 

In the first place I feel pretty certain that, unless an 
absolutely rigid base support were given to the insu- 
lated rail sections, the inventor would speedily find 
them sinking down so much that they would be in con- 
tact at many points along the line with the internal 
conductor, and the galvanised iron strip would not be 
able to rise and make contact for the simple reason that 
it might be already wedged tightly between the con- 
ductor and the external rail, so making contact very 
effectually and permanently. Possibly I am doing the 
scheme an injustice from sheer ignorance, and when 
drawings appear this point may be shown to have had 
suitable attention. Nothing, however, will serve short 
of imbedding the insulated rail sections upon a good 
solid conduit, which also contains the conductor. 

Even Mr. Kapp’s apparently severe test of passing a 


heavy steam roller along the line does not altogether 


vouch for its efficiency ; a single test like this does not 
compare practically with the ceaseless wear and tear of 
everyday traffic. 

So long as a rigid connection is kept up between the 
conduit and insulated‘ rail sections the device may be 
depended upon, but in proportion as this point is con- 
sidered, so also are increased the difficulties of insula- 
tion. | | 


_ an extensive use. 


Next, I must say that Mr. Kapp seems ‘to have for- 
gotten the old saying that refers to the weakest link of 
a chain ; if any line has a minimum insulation resist- 
ance of 600 ohms and a maximum of 4,000, then the 
practical insulation resistance of that line ought, I think, 
600 + 4,000 

2 e 

An engineer is not altogether justified in reckoning 
on morè than he can always and absolutely swear by ; 
and as regards surface leakage, I fear this system 
(especially in our wet climate), would prove too waste- 
ful for extended use. | 

Then, again, Mr. Kapp is, I think, a little unfair to 
the battery cars when speaking of the greatly increased 
weight to be carried. 

From particulars of a large number of battery cars— 
all, indeed, that I could learn anything about—I found 
that the weight of the necessary cells complete was as 
ro as possible that of the seated passengers at full 

oad. 

If the 20 passengers on the Lineff car weighed as 
much as the 3 or 4 tons that Mr. Kapp speaks of, then 
all I can say is, that they must have been in the prime 
of health and vigour—remarkably fine specimens, in 
short. A ton and a half of decently behaved cells ought 
to be ample for carrying 20 passengers along an average 
road. | 

One would wish very much for the sake of electric 
traction that one could see a prosperous future before — 
such a system as that of Mr. Lineff : it is ingenious, it 
is novel (pace Mr. Holroyd Smith) and offers many 
advantages. But I fear the disadvantages would prove 
—in its present form—too serious to allow this method 
If practical service proves this feel- 
ing to be wrong, no one will be more pleased than 


Frank B. Lea. 


to belooked uponas 600 ohms, and not as 


July 28th, 1890. 


Seeondary Batteries. 


Referring to your article contained in your issue of à 
the 25th inst. upon the merits of the Edinburgh paper % 
upon “Storage Batteries,” it would appear that when FS 
speaking of the rélative ampére-hours between the : 
E.P.S. 7L cells and the ampère-hours obtained by Prof. 

Ayrton and his assistants, you lost sight of the fact 
that five instead of seven plates were used in the latter’s 
cells. 

Passing on to your reference to the “ author’s ” con- 
cluding remarks, you think that further study and 
research into the chemical actions, &c., of the present 
storage batteries might be the means of increasing their 
efficiency. | 

I would, however, remark, for the benefit of those 
interested, that in my opinion any further labour in 
the direction of your suggestion would be time and 
capital lost, unless (after taking all the defects of the 
present batteries into consideration) improvements to 
the extent of 100 per cent. were obtained, which would 
be necessary to hold its own. 


July 29th, 1890. 


[In the experiments at the Central Institution “7L 
glass cells” were used, containing five plates, but our 
clerical error does not in the least affect the sense of 
the article. We did not state that ‘ further study and 
research into the chemical actions, &c., might be the 
means of increasing their efficiency,” but what we did 
say was that the promised “results on chemical in- 
vestigations will be looked forward to with anxious 
interest by a large portion of the electrical fraternity,”~ 
and we maintained that the efficiencies obtained by 
Prof. Ayrton and his colleagues were, in our opinion, 
too high, and should not be relied upon in practice. 
Our correspondent must have had very sad experience 
with secondary batteries, and we cannot agree with his 
views as to an abandonment of all further research in 
this direction ELEC. REV. ] | 
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No. 4. 


Write for Prices to ‘WOODHOU SE & AWSON « United, Linie 


88, QUEEN VICTORIA STREET, LONDON, E.C., 
| 4, Piccadilly, BRADFORD, YORKS.; Cornbrook Telegraph Works, MANCHESTER; Strand Works, CHISWICK, W.; Union Foundry, KIDSGROYE. | 


Daily Calendar for 1890, or Celluloid Paper Knife and Calendar Post Free, 3d. each. — 


REID BROTHERS, 


12. WHARE ROAD. CITY ROAD. LONDON. N. 


TELEGRAPH ENGINEERS AND CONTRACTORS 
“For the Supplying, Erecting, and Laying Down Under-Ground Wires both for 
| TELEGRAPHS AND ELECTRIC LIGHTING 
PNEUMATIC TUBES FITTED WITH ENGINES AND PUMPS COMPLETE. 
MAKERS OF RADCLIFFE’S PATENT ELECTRICAL SIGNAL LOCKING APPARATUS. 


PATENT TELEPHONIC WIRES | 
TO PREVENT INDUOTION BOTH FOR UNDER-GROUND AND OVER-HEAD LINES. 


MANUFAOTURERS OF SUBMARINE OABLES, WIRE, IRON POLES, INSTRUMENTS, BATTERIES, INSULATORS AND STORES OF EVERY OESORIPTION. 


CALLENDER’S BITUMEN WATERPROOF Co. 


LIMITED. 
101, Leadenhall Street, LONDON. telegrams: “CALLENDER, LONDON.” ‘Telephone, No, 4,485. 
| LIVERPOOL: 36, Dale Street, | 
Works: ERITH, KENT, Telegrams: “CALLENDER, PICARDY.” Telephone, 8,411. 


UNDERGROUND MAINS 
LAID COMPLETE ON CALLENDER-WEBBER OR SOLID BITUMEN SYSTEMS. 


LEAD SHEATHED WIRES AND CABLES 
FOR UNDERGROUND WORK, HOUSE AND FACTORY MAINS AND SHIP WORK. 
Concentric CablesARMOURED-—Metal Sheathed. 
| AHRIAIL CABLES. | 


Contracts entered into for the Supply, Construction, and Maintenance of Telegraph Lines. 
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Telephone No. 2,68, B. VERITY & SONS. set, Laden” 


_ COYEN GARDEN 


HIGH: CLASS ARTISTIC ELECTRIC FITTINGS 


Designed by CRICHTON HANNAH, Esq. 
(Exhibitor at the Royal Academy, 1887—1888.) 


Valuable Models in Stock of Renaissance, Louis XY., Louis XVI., Girandoles adaptable for the Electric Light 


SKILLED MODELLERS AND CHASERS EMPLOYED. 
SILVER AND COPPER FITTINGS, COPPER STANDARDS, COPPER AND GLASS SUSPENSIONS, COPPER CEILING LIGHTS, COPPER BRAGKETS. 


METAL WORK FINISHED IN GOLD LACQUER, ORMULU, ELECTRO OR MERCURY GILDING. 3510 i 


ELECTRIC CRANES, 


TRAVELLING, PORTABLE AND FIXED. 3671 


R. BOLTON & CO., Engineers, 110, Leadenhall St., LONDON, E.C. 


THE BERRSTEIN ELECTRIC LAMP ELEOTRIOAL REVIEW. 


INDINGS AND CASES.—Subscribers and others can bay: 
Te their half-yearly numbers bound handsomely in Black 


Cloth at the rate of 3s. 6d. per volume. Cases for binding are 
2, MARLBOROUGH MANSIONS, VICTORIA ST., LONDON, SW. supplied de GA. each: Paræenosrer Row, LONDON. 


OWNERS of the BERNSTEIN SYSTEM of ELECTRIC LIGHTING. 
| | | | EXCELSIOR 
6@ The lamps of this Company aré of low resistance, and ELECTRO-PLATING DYNAMOS 


entirely free from the claims of other mpani _ For Nickel and Silver Plating, Brassing, Electro-typing, &c., 
: wins 8 ne as used by all the principal Platers in London. 


| PRICES FROM £6. Numerous Testimonials. 
BRASS, GUN METAL, VATS, ANODES, AND COMPLETE OUTFITS. 


PHOSPHOR BRONZE | CARL OPPERMANN, 41, Sigdon Rd, Hackney, NE. 
CASTINGS | - 
INGOTS, | ELECTRIC WIRE CASINGS. 


PHOSPHOR TIN, 
“ALBION” BRAND, 


1830. 


Telephone 
No. 3188 


J.&J. HUGHES, \ 
ALBION METAL WORKS, \ 
WOODCOCK STREET, 


List of pa Prices and Discounts in all Woods free. 
Mahogany and Timber Importers, Importers of School Board Flooring Blocks, Figured 


N Manufact f High-Class Mouldi in all woods. 
BIRMINGHAM. “ fa Wainscot Floorings, and Man urers of Hig ngs 


Saw Mills: Stanley Bridge Wharf, King’s Road, CHELSEA. 
Branch Yard: 65a, Poland Street, Oxford Street, W. 2871 


Telegrams: “ Bronze,” Birmingham. 
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BATTERSEA BATTERSEA 
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STONEWARE TELEGRAPHIC INSULATORS AND BATTERY JARS. 
Economy Strength and Durability combined. Prise Medal, Paris Electrical 
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THE NORTH BRITISH RUBBER CO, LIMITED, | 
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BAILEY's 


SPEED INDICATOR 


FOR USE WITH 


Electrical Installations and with General Machinery. 


AS MANUFACTURED 


BY US FOR 
THE 
BRITISH ADMIRALTY 
FOR 
WAR VESSELS. 


SOLE MAKERS, 


ann 
ALSO FOR MOST 


OF THE 


CHIEF ELECTRICAL 


Diameter of Dial, 8 in.; Diameter of Pulley,4in. Brice £8. 


MANCHESTER. 


3070 


ROBEY & CO.-S 


Electric Ligshé En eines 


COUPLED COMPOUND HORIZONTAL FIXED ENGINE, FITTED WITH 
PATENT TRIP GEAR. 


‘HORIZONTAL COMPOUND ENGINE. 
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ALLIANCE ENGINEERING WORKS WEST DRAYTON. NEA ONDON. 
London Office: PRINCE'S MANSIONS, 68, VIOTORIA ST, WESTMINSTER. 


66 ” for all sizes 
ALLIANCE DYNAMOS AND MOTORS purposes. All sizes ready for immodiats delivery. Made by special machinery in the best manner possible and 


THE STATTER PATENT CONSTANT CURRENT DYNAMO has a higher commercial efficiency than any other, either English or American. 


SPECIAL AUTOMATIC ENCGINES and DYNAMOS for 
Everything Electrical. Write for Lists. Note io Contractors.—Messrs. Statter do not tender for wiring jobs, est Drayton.” 


TORS 


Of all descriptions, combining the greatest ——s with highest possible nite), Ey Made in Bristol Stoneware (Drab or Brown) 
and Porcelain Stoneware (White), b 


PRICE, SONS & CO. 79, Turnmill Street, LONDON, E.C. Works :—BRISTOL. 
Government and Railway Contractors. Prize Medals wherever exhibited. de 


ERNEST SCOTT & Co., 


NEWCASTLE-ON-TYNE, 
Glectrical and General 


TYNE DYNAMOS, 


TYNE ARC LAMPS, 
TYNE TRANSFORMERS. 


- Complete Installations erected by experienced men at 
home and abroad. 


: SPECIAL TERMS TO THE TRADE. 
Complete Catalogue on application. | 


Offices: Telegraphic Addresses: 
LONDON : 110, Leadenhall Street. “ Boltonite,” London. 
MANCHESTER : 24, Victoria Buildin nage. “ Ampere,” Manchester. 
HUDDERSFIELD:. ter Yard, Cloth Hall St. “Dynamo,” 
GLASGOW : 53, Waterloo Stree “ Roots,” G 
NEWCASTLE- Close Works. Mewenstle-on- 

ne, 
JOHANNESBURG SOUTH AFRICA. « Muthatise,” Johanues- 
| | burg. 3311 


BRITANNIA TRON WORKS, GAINSBOROUGH. 


London Offices, Show Rooms & Stores :—MARSHALL’S BUILDINGS, 79, FARRINGDON Rd., E.C. 
Telephone No. 6,648. MORE THAN 
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The above, which can only be obtained from this house, is 
_recognised as the Most Efficient and Economical Jointing 
Material in use. It is composed of a specially-prepared 
India-rubber Compound, protected by a covering of Vul- 
canised Asbestos Sheeting, as shown above, and as it 
is the only Jointing Material which adequately 
combines PERMANENT ELASTICITY WITH 
HEAT RESISTANCE, the advantages it 
. possesses will at once be seen. 


| 
MANCHESTER: Cable Street, 
Blackfriars. | 

LIVERPOOL: 2, Strand St., James St, 


_ BELFAST, DUBLIN, ANTWERP, BERLIN, 


POLE 


Op | 


AGENTS.— BIRMINGHAM— BELL & Co., ?, John Bright Street. CARDIFF: BELL & Co., West Bute Street. 
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RINGS. 


Made from 1-Ply for Cylinder and Faced Joints to any thickness for uneven | surfaces. 


The Centre from which the requisite elasticity is obtained 


will adapt itself to uneven surfaces to which it may be ap- 
plied, and allow the expansion and contraction to be fully 
taken up. The covering being of Asbestos Cloth, imparts : 
a protection to the centre and so prolongs its elas- 
_ ticity. For Manhole, Mudhole, Steam Pipe, 
and Mash Tun Door Joints it is unequalled, 
and if applied as directed a ring can be 
used many times over. 


DEPOTS: | 
HULL : Humber Dock Basin, 
GLASGOW : 35, Robertson Street, 
AMSTERDAM : 264, N, Z. Voorburgwal. 
BARCELONA, TRIESTE, LISBON & GENOA. 


BELL'S ASBESTOS 


BOILER PRESERVATIVE 


Will effectually keep Boilers clean and re- 
move any Incrustation, without injury 


BELL’S ASBESTOS 
YARN & SOAPSTONE PACKING 


Is the BEST LOCOMOTIVE PACKING made. 


BELL'S ASBESTOS, 
NON-CONDUCTING COMPOSITION. 


Will reduce 
loss by radi- 
ation, and 
saves 40 per 


COMPOUND HYDRAULIC PACKING 


I8 SPECIALLY SUITED FOR 


Say 
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2 


HYDRAULIC MACHINERY, ACCUMULATORS, AND AMMONIA 
AND ALL PUMPS. 


cent. of fuel. 


Is sent out 
dry in bags 
therefore 
cheaper than 
others sent 
out wet. 
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M ASBESTOLINE is the most efficient Lubricant for all bearings. 

=i ASBESTOLINE is the cheapest Lubricant. 

0) ASBESTOLINE saves from 50 to 90 per cent. of the Cost of Oil. 
‘i ASBESTOLINE is the Cleanest Lubricant. 

| a] ASBESTOLINE is favoured by Insurance Companies. 
ASBESTOLINE is the most Inodorous Lubricant. 


| 
sil ADVANTAGES OF ASBESTOLINE. 


nr dey 4 ASBESTOLINE is the safest Lubricant, its flashing point being 700 F. 
14 LE il ASBESTOLINE has beaten all other Lubricants in making trials. 
. nd ) ASBESTOLINE is applicable in and out doors in every climate. _ | | 
ne ASBESTOLINE requires no special application. BELL'S ASBESTOS. 


CONSISTENCY OF ASBESTOLINE. 


ASBESTOLINE, to meet all circumstances, is made in four na ge A C, is for use in tro a ae climates, both ashore 
degrees of consistency, A, B,C,and CC. and afloat. It is also het e in works in this country 
ASBESTOLINE A, is specially adapted to ordinary Lend when the RARE is hig 
Engines and Machinery, in and out-door, in this country. ASBESTOLINE CC, is ed for use on calenders, paper 
ASBESTOLINE B, a little more solid, is for use. on Steamships machines, &c., ” where e bearings are heated by steam 
in temperate climates, also on land when it is desirable to mare | through, and. sometimes is abs dé used 
have Lubricant stiffer than A. ins of C. 


The reputation of Asbestoline as a lubricant of the highest efficiency in every kind of machinery is established, and it has never been equalled by any other lubricant 
in the numerous cases of special difficulty in which the best oils are ineffectual. This reputation is growing daily, because it is based on the experience of 
thousands of users under the severest circumstances any lubricant has ever been subjected to,and not on mere laboratory tests and professional analysis 
of insignificant quantities. It is used with marked success in Steel and Iron Works, Collieries, Cotton and Wool Mills, and other Textile Manufactories. In Corn Mills it 


. has proved invaluable on the roller and other modern machines. In Saw Mills,on Machines going up to 5,000 revolutions per minute, its work has never been app? Oached 


by any other lubricant. On Electric Lighting Machinery, and in Steamships of all sizes throughout the world, the success of Asbestoline is unequalled. Many engines and 
machines of all descriptions give trouble and show bad results, both in working and wear, when ee system of lubrication has not received due consideration. Engineering 
firms of the highest standing have given to it their powerful testimony and support. 


SUPPLIED IN KEGS, 28 lbs., 56 lbs., or 112 Ibs. 


SPECIAL TERMS FOR LARGE QUANTITIES. 
IMPORTANT TO EXPORT MERCHANTS.—One Pound of “ Asbestoline ” equals 2 gallons of Oil welgbiag 18 Ibs. 


“consequently the saving in freight is very considerable. Liberal Terms are conceded to Export Merchants, — 


BELL'S ASBESTOS 
DAGGER PACKING 


Under this registered title are included the inventions of Mr. Field, and experience has proved!them to be 


THE MOST EFFICIENT, DURABLE, AND ECONOMICAL PACKINGS ever made. They constitute such a 
combination of Asbestos and India-rubber as secures the maximum of elasticity and heat resistance, and they 
are therefore UNEQUALLED FOR EVERY KIND OF ENGINE. These Packings are being universally used by 
most of the leading Steamship Companies throughout the world for ordinary Compound, Triple, and Quadruple 
Expansion Engines of the latest type. These Packings are composed of Rolled Asbestos Cloth, but the India- 
rubber is placed in two forms to suit various cases. 


HS” In ordering, state whether square or round required. 1 


BELL’S ASBESTOS COMPANY, LIMITED, 


SOUTHWARK, LONDON, S.E. 
DEPOTS :—MANCHESTER : Cable Street, Blackfriars. LIVERPOOL: 2, Strand St., James St. HULL: Humber Dock Basin. 
GLASGOW: 35, Robertson st DUBLIN, BELFAST, ANTWERP, BERLIN, BARCELONA, TRIESTE, LISBON, & GENOA. 
No. 264, N. Z. YOORBURGWAL, AMSTERDAM, | 


AGENTS: BIRMINGHAM: BELL & CO., 7, Jobo Bright Street. CARDIFF: BELL & CO, West Bute Strost. 
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94, CHARLES ST... HATTON GARDEN, 


LONDON, E.C. 


TWO MEDALS 
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ORIGINAL MAKERS. OF. THE. 


: CARDEW VOLTMETER; 


Read Prof. WEBER'S. Report. 


~ «In the laboratories: for alternating current work of the 
Electrotechnical part in the new Physical Institute of the” 
Federal Polytechnical School at Zurich, 1 use twelve 
‘:Cardew voltmeters. of MM. Paterson & Cooper to measure. (à 
differences between 20 and 1,250 volts. .. We 
receiving these. twelve. voltmeters I have made 
exact measurements to get the differences, between thie 
these voltmeters and the true values of the potential differences. :,....x 20 à 
The results of ALL’ these. measurements. were: VERY: SATISFY ING, if 


LA FE > 

"SPECIAL" TERMS: ‘TO: LARGE BUYERS ASSES 


D 
PATES & COOPER, 


_POWNALL ROAD, DALSTON, NE 


« RSTABLISHED 167 lee “Flexible, London. 
ELECTRIC) EXHIBITION, 1660. 


| URERS “ABLES, WIRES, 


: FANCY BRAIDED WIRES ‘OF EVERY DESCRIPTION. 
COTTON AND SILK: OOVERED WIRES FOR. DYNAMO MACHINES, MAGNETS, an 


à 


à; € 


PRINCES STREET, HANOVER. LONDON, 


CARPENTER, 


is now the largest and the most fully equipped School of ite kind. It possasses, 
Lathes, several kinds of Arc and Ineandescence Lamps and a -Photometer Room. 

Training can-therefore ‘be , 
high- standing, unconnected: with: the School: 


fall prospectus, terms, apply to the Secretary, 12, Princes Street, Hanover 5 Maire, We 
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… and Warehouses: 106 & 100, CANNON STREET, LONDON, Lo. | 
Works: Bilvertown, Essex; Persan-Beaumont, France. . 
"TELEGRAPH ENGINEERS AND MANUFACTURERS 


| LH MANUFAOTURERS FOR GREAT AIN, COLO | 


other kinds of Batteries also manufactured. 


OF THE MOST APPABATUS RAILWAY BLOCK SIGNALLING. | 
LIGHT” INDJOATORS, AND WALKERS “ PASSENGER AND QUARD ” COMMUNIOATOR 


‘ @ELEGRAPH STORES AND APPARATUS OF EVERY DESORIPTION. 


TORPEDO APPARATUS. 


and is now in 


‘ra GUITA-PEROHA, AND TELEGRAPH WORKS COMPANY (Limited ) are ||. 


of a Complete System of Torpedoes for Hartowr andi Coast 


 SILVERTOWN PATENT FIRING BATTERY. 
| Constant Battery for Mining and Blasting Purposes. 
THEE INTO for the SUPPLY, ot THLAORAPE 


. MANUFACTURERS OF 


VULCANISED INDIA RUBBER. 


| sl SHEET, BUFFERS, SPRINGS WASHERS WHEEL TYRES. CORD TUBING, AND DOOR AND CARRIAGE mats. 4 


INDIA RUBBER AND CANVAS SUCTION AND DELIVERY HOSE. 
| INDIA RUBBER ond CANVAS STEAM PAOKING — ROUND, SQUARE, and ‘SHEET. 


‘INDIA RUBBER, MACHINE DRIVING BANDS. 


WATERPROOF. GARMENTS AND FABRICS: 


"Plow, Cushions, Bote, Bath, Life’ Belts, Gas 
EBONITE. | 


‘Wet by or or Acctia Acta. 


| 


London Office—106, CANNON STREET, E.C. 
_Warehouse—100, CANNON STREET, E.C. 


BRANCH WARHEOUSEHS : | | 
Boorza eee Web 70, Regent Road. eee eee 2, Clare Street. 
... 52, Castle Street. Newrort, Mon. ese 83, Dock Street. 

8, Buchanan Street. Cazorrr A Pierhead Chambers, Bute Docks, 
BRaproBb YORKSHIRE 86, Kirkgate NEWOASTLE-ON-TYNE 6, Neville Street. 

64a, Street. Norra. Borough Road. 
PoRTEMOUTEH 49, Higk Street. Brmminemam.….. Cobden Buildings, Corporation Street. 
BuLrast À « 88, High Street. oe … 4, Fountain Street. 
Dusiin 15, St. Andrew Street. ov 9, Trinity Street. 


Printed by &. KNIGHT, 18 and 19, Middle Street, E.C., and Published by the Proprietors, H. ALABASTER, GATEHOUSE & Co., at 22, Paternoster Row, London. 


Works: ‘SILVERTOWN, ESSEX, LONDON, E.; PERSAN-BEAUMONT, FRANCE. 
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THE ACME ELECTRIC WORKS, 


(ARTHUR C. COCKBURN, M.LE.E., Manager.). 
Supply Department and Head Office: PRINCES ST. HANOVER SQUARE, W. 
- Factory: FERDINAND STREET, CHALK FARM ROAD, N.W. | 


SOLE AGENTS FOR 


ROYCE’S DYNAMO 


FOR LONDON AND 54 MILES ROUND. 


MAKERS OF MAIN SWITCHBOARDS. vy 
Sole Manufacturers of Rooper’s Patent Lampholder for High 
Candle-Power Lamps. 
 MAKERS OF AYRTON & PERRY'S SPRING AMMETERS AND YOLTMETERS. 
Cockburn’ 8 Patent Switches and Cut-Outs and Electric Light and Telegraph 
Apparatus of all kinds. 
PRICE LSTS ON APPLICATION. .. . 


INDIA RUBBER, GUTTA PERCHA, & TELEGRAPH WORKS 


COMPANY, — 


106, CANNON STREET, 


DYNAMO MACHINE s, 
INSULATED ELECTRIC LIGHT WIRES AND CABLES, 


ane Fittings, Switches and Testing Apparatus, Volt and Ampere Meters. 
CONTRACTORS FOR THE SUPPLY AND FITTING UP OF | 


ELECTRIC LIGHT APPARATUS 


OF EVERY DESCRIPTION. 


INSTALLATIONS FOR CENTRAL STATIONS, oars, HOUSES, oR FACTORIES | 


HSTIMATHS ON APPLICATION. 


THE 


COVERED WIRES CABLES 


OF Adele DESCRIPTIONS 


FOR ELECTRICAL INSTRUMENTS, ELECTRIC LIGHTING, — 
BELL AND THLEPHONHD “WORK, -*0.m 
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PRICE, TALBOT & CO. Ltd., 


26, LUDGATE HILL, LONDON, E.C., 


ELECTRICAL ENGINEERS, PNEUMATIC AND ELECTRIC BELL FITTERS AND MAKERS 
TO HER MAJESTYS OFFICE OF WORKS.. : 
Sole Agents and Manufacturers of McClellan’s Patent Continuous Action Bells and Relays. 
= CATALOGUES AND ESTIMATES FREE. 3681 
MOTORS, DYNAMOS, AMPEREMETERS, YOLTMETERE, and all APPARATUS connected with ELECTRIC LIGHTING SUPPLIED ON SHORTEST NOTICE, 


IRONWORK 
TELEGRAPH, BATTERIES AND ALL 


TELEPHONE, UPPLIES. 


Round, Flat, Lapped, 


Laminated, DYNAM À WI R ES Braided. 
THE TELEGRAPH MFG. CO. Lp. 


NEAR WARRINGTON ; AND 11, VICTORIA ST., LONDON, E.C. 


TERMINAL 
SOREW BOLT 


STAY RODS, 
SADDLES, 

BRACKETS, 
BOLTS. 


SHACKLES. 


Simple, Economical, Durable. 


_ STANDARD ENGINE. 
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USED FOR 
10 to 350 H.P. 
Write for Circulars. 


BOILERS, FEEDWATER, HEATERS, &c. 


All Sizes F'urnished, 


JOHN MUSGRAVE & SONS, 


LIMITED, 
GLOBE IRON' WORKS, BOLTON. 


London Agents: 
8. & E. RANSOME & CO, 10, Essex St., Strand, W.C. 


VERTICAL COMPOIIND HIGH-SPEED ENGINE, C. S. TYPE. 
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THE PAISTE SWITCH. 
Record: 100, 000 ‘in daily use. 


‘The movement breaks and completes 
the circuit in an instantaneous manner, 
preventing arcing or charing of the con- 
tact parts. Mounted on China, with cover 
and handle of same material; also on 
Porcelain,. with metal cover. Correspon- 
dence invited. 


À À À À 


THE PAISTE SWITCH, 

REYROLLE, 
10, UNION MEWS, UNION STREET, MIDDLESEX 
HOSPITAL, LONDON, W. 266 


SUNBEAM LAMP 


LIMITED, 
GATESHEAD-ON-TYINE. 
R 


SOLE 


“SUNBEAM” 


_ 
~ 
> 
= 
< à 
1 # = 
27 


OF THE RECENT 


NEWCASTLE 
EXHIBITION 


= Were Lighted with. 
SUNBEAM 
ASS | 
LAMPS 


SILVER MEDAL 


HIGHEST AWARD. 


PRICES AND PARTICULARS 7 
ON APPLICATION. 


Telegraphic Address : 
200 


+ ELECTRIC LIGHT ENGINES. 


Over ASO Installations, 


INCLUDING 


AND CENTRAL STATIONS, 
HAVE BEEN ENGINED BY 


_ BROWETT, LINDLEY & GO, 
SANDON ENGINE WORKS, M ANC it ESTER. 


| SALFORD, 
—— Patentees and Sole Makers of the ACME GOVERNOR. Hundreds are in 


VERTICAL COMPOUND HIGH-SPEED ENGINE, C. S. TYPE. 


STEAM SHIPS, WAR VESSELS, FACTORIES, MANSIONS, | 


a use for Electric Light Engines. Send for Lists. 3785 
From 20 to 300 LHP, made. | 
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THE 


THOMSON-HOUSTON 
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ALTERNATING CURRENT “ELECTRIC “LIGHTING APPARATUS. 


The Instalment of over 150 Central Station Plants has demonstrated the Alternating Transformer System to be Superior to all 
others for distributing current from a Central Station over small or Sends areas for lighting and power purposes. 


A 


ELECTRICAL STORES 


OF EVERY DESCRIPTION. 


‘Okonite ” Wire 


OF ONE QUALITY ONLY, 


EXHIBITION 


1,000 MEGOHMS PER MILE. LIGHTED THROUGHOUT 


ON THE 


THOMSON-HOUSTON SYSTEM 


LAING, WHARTON 


3275 


S2a, NEW BOND STREET, LONDON, W. 


MODEL STATION. 


ROYAL MILITARY 
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RONALD 


CONTRACTOR TO THE LORDS OF THE ADMIRALTY, 
INDIAN GOVERNMENT, &c., 


ACTON HILL ELECTRICAL WORKS, LONDON, 


- 


TN 


DYNAMOS, MOTORS, ARC LAMPS. 

SEARCH LIGHT APPARATUS of every description. 
CUT-OUTS—ORDINARY, MAGNETIC. 


SCOTTS PATENT SWITCHBOARDS. 
» MIRRORS FOR PROJECTORS— 
: Unequalled. 7 


NOTE.-Any of the above to be seen in stock at the Works, or in course of construction. The Acton Hit 
. Works is the only Establishment in the Kingdom where Projectors of three sizes, fitted complete 
with lamp and mirror, can be obtained from stock. 


For Wiring, Laying of Mains, or Fitting 
up ‘Complete Installations with indepen- 
dent plant, consisting of Engines, Boilers, 
Accumulators, &c. 


— 


Is drawn to the facility for supplying electrical plant 
at short notice, and of perfect workmanship. Owing 
to the possession of the most modern machinery and 


appliances and a trained staff urgent work can have the 


best attention. 


ELECTRICAL CONTRACTORS AND CON- 
SULTING ENGINEERS are invited to send particulars 
of Specifications. and Specialities required. Dynamos, 
Motors, and Electrical Apparatus built to Inventors’ 
own instructions. | 


DONT FORGET to inspect exhibit at the 
Edinburgh Exhibition. Search Light Plant 
operating every evening. menace 


3674 
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Dynamo cannot be excelled for perfect working and 


NON-MAGNETIC 


WALTHAM WATCHES 


A full assortment in Key-winding and Keyless Open Face and Hunting ; 
also jth second Chronographs. 


THE HIGHEST TESTIMONIALS FROM ELECTRICIANS. 


Price Lists and Particulars on Application to : | 


H. W. BEDFORD, 
69, REGENT STREET, LONDON, W. 


“TME MOST EFFICIENT” 
AND CHEAPEST 


DYNAMO 


IN THE MARKET. 
Our Continues Current Patent Lahmeyer ” 


——s 
actual cost ; should be seen to be appreciated. 
| il 


We also manufacture a special machine for | a “4 ul 
direct to motor. =, 


CATALOGUE FREE. 


BOLLING & LOWE, 2, Laurence Pusthes Hill LONDON. 


WIMSHURST INFLUENCE ELECTRICAL MACHINES 


Of New and Improved Pattern, with and wee à tn eee, ne or quadruple» pes. Acknowledged to be the best finished 


KIWG, MENDEHAN CO. 


ent m 
Electric Bells and Indicators, Automatic Gas Lighting B. Patent Pocket Galvanometers 
Deprez-D’Arsonval and other Galvanometers, Resistance Coils, Metre and Wheatstone, Bridges, Morse 
_. Sounders of special pattern, Lightning Conductors supplied and erected, and thorough efficiency guaranteed. 
NEW PRICE LIST, POST FREE, 4j. Telegraphic Address: “KINGHAM BRISTOL.” $061 
Specially Compiled List of Electrical Publications, Post Free 2d. 


THE BABCOCK WILCOX CO. 


WATER TUBE STEAM BOILER. 


Specially adapted and generally used for 


ELECTRIC LIGHTING PURPOSES, 


Because of their Great Economy in Fuel, Safety from Explo- 
Durability; but their Entire Reliability. 


e Edison gempeer have in upwards of 10,000 H.P. of these boilers in all 

parte pe the world. rtant inst iltation may be seen at work at the Grosvenor 

pene London. The Societa riod, some L400 HEP. Ta nee di Roma, have had 

Î Pe seen, also, at work 

ieta per l’Illuminazione Elettrica, Palermo, Bielly, 

Lo ey rial Con tinental Gas Association, Vienna, is having erected an { 
pe installation ¢ on of these boilers in connection with the the lighting of the Grand C ES 
ouse in 
In oumnestion with ELECTRIC LIGHTING, the reliubility that can be placed o 

these boilers has led to their preference over others,and bas ensured the large | 

increasing trade of the Company. 


A VALUABLE BOOK ON STEAM FREE ON APPLICATION. 


= sd European Works: KILBOWIE, near GLASGOW. 

Head Office for Europe: 21, Bothwell St., GLASGOW. 
London Office: 114, NEWGATE STREET, EC. 

Manchester ee: 08 DEANSGATE. Paris fes ‘0, BOULEVARD VOLTAIRE, Brussels: 44, PLACE DE BROUCKERE, BRUSSELS. 


FOR AUSTRALIA AND NEW ZEALAND, ADDRESS— 
THE BABCOCK & WILCOX CO., 280, Sussex Street, SYDNEY, N.S. W. 


ail | 


600,000 ALP. in use 
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à ALL ENGINEERS and CONTRACTORS should have our SAMPLE BOARD, It is recognised as the most complete yet issued. 
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THE INTERNATIONAL ELECTRIC 


Sore Deror or MIX & GENEST, Ltd., 


34, Aldermanbury, LONDON, E.C. Works Strasee,’ BERLIN, S.W 
Telegrams: “GENEST,” LONDON. 


BEFORE ORDERING ELSEWHERE, ASK FOR QUOTATION FOR 


BELLS, NAVA, 
INDICATORS. BATTERIES, 
PUSHES, BURGLAR ALARMS, 
= AND ALL ACCESSORIES. | 


ex WRITE FOR ILLUSTRATED LIST. 


Chas. CHURCHILL & CO., Ltd. 


21, CROSS STREET, FINSBURY, LONDON, E.C,, 
Engineers and Importers of 


AMERICAN TOOLS AND MACHINERY. 


LARGE SHOW ROOMS. 


The Largest Stock of CaS. 
a wh \ 1m PE 
Aa” N le 
in Great Britain. os 


SPEED INDICATORS. 


AUS TIN’S ye 


INFANT DYNAMOS MOTORS 


Specially constructed for practical working. First-class workmanship and materials. Electrically and ~ 
mechanically perfect. For Lighting, Plating, Transmission of Power, &c., &c. 
Size, No.1. No.2 No.3. No.5, No. 6 
Output in Watts - - - 50 100 200 400 700 1,000 
Per Cent. Efficiency - - 75 78 je LE | Be 92 


PRICE LIST AND PARTICULARS ON APPLICATION. 


A. AUSTIN, Florence Electrical Works, ARMLEY, LEEDS. .. 


Lonoon Agexrs: Messrs. PATERSON & COOPER, POWNALL RD, DALSTON, NE. 


wd. FE, & G HARRIS, Manufacturers to the Trade. &GHARRIS 


ELECTRIC LIGHT CASINGS 


OVER 150,000 FEET, ready for immediate delivery, IN STOCK. 


toy ERS CASINGS W MADE ro ANY DESIGN. 
ee. & HARR e@e : 


MAHOGANY & GENERAL 


TIMBER MERCHANTS. °e 
MOULDING MANUFACTURERS. 


Arc 583 60.WILSON STREET, FINSBURY, E.C. 
OFFICES | ORANGE STREET, GRAVEL LANE, SOUTHWARK. SE. LONDON. 
AND MILLS, VISTORIA WHARF, TWIG FOLLY BETHNAL GREENE 


— 


Special Quotations for,Large Quantities. Sample Board, Catalogues and Price Lists forwarded on application. 2953 


| 
| 
NEW CATALOGUE, 180 PAGES, SSSR 
SCREW PITCH GAUGE. 
} 
— 
—— ~ 
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| For Export to all Parts of the World. @s 
CONSOLIDATED TELEPHONE CONSTRUCTION 
AND MAINTENANCE CO, LIMITED, 
4 4 ( ti a Of No. 109, FARRINGDON ROAD, 
LONDON,E.C.,aretheSOLE LICENSED 
MANUFACTURERS OF TELEPHONES 
for Export and for use in the United King- AS =. 
dom, under LICENSE granted to the Com- - ~~SSeuma 
_ pany by the UNITED TELEPHONE CO. 
of London (now the NATIONAL TELE- — 
PHONE CO.) 
NO TELEPHONES can be misnicisits 
by any person or Company (other than 
the CONSOLIDATED TELEPHONE CO.) 
in the United Kingdom, and the said Com- 
pany offer a substantial reward 
for sufficient evidence as will al AN \ 
enable proceedings to be taken QD 
against infringers of these rights. 
Catalogues and Price Lists are to be had rr i : a 
| Free on application. | | | i 
THE CONSOLIDATED TELEPHONE 
COMPANY is prepared to supply the 
Celebrated SIMPLEX ARC LAMP, which | | 
burns with great bril- 
liancy and steadiness == 
in parallel circuits. =. ¢ 
| Sizesfrom5Amps.upwards. == 
| SIN GLE LAMP COMPLETE, WITH GLOBE lure and small size) from 9Os. 
433, STRAND, 
APP ELECTRICAL INSTRUMENT HAKER, 
INDUCTION ( COILS. RESISTANCE COILS. 
TRANSFORMERS. IRON RESISTANCES, SPECIAL 
GALVANOMETERS. | PATTERN. 
TEST INSTRUMENTS OF EXPERIMENTAL APPARATUS. 
EVERY DESCRIPTION. "MODELS FOR PATENTS. 
DYNAMOS. ELECTRIC LAMPS. 
LABORATORIES FITTED. 
STORAGE CELLS. SURVEYING & ASTRONOMICAL 
SWITCHBOARDS. INSTRUMENTS. 
ELECTRIC LIGHT NAUTICAL INSTRUMENTS 
INSTALLATIONS. MATHEMATICAL INSTRUMENTS. 


ANDREWS PREECE, 


ELECTRICAL ENGINEERS & CONTRACTORS 


MANUFACTURERS OF THE 


ARC LAMPS, SWITCHES, &c. 


BRADFORD. 3826 


3762 


 Estimates and Specifications prepared free of charge on application. 


BONOUGH MILLS, MANCHESTER ROAD, 


- 


4 
== | [== 
5 | 
||| | 
de 


‘COLD MEDALS 


1886 


hugust 4, 4890.) THE TELEGRAPHIC JOURNAL AND ELECTRICAL REVIEW SUPPLEMENT. | 
TELEPHONE, No. 3120. | | Telegraph Address: “SECOHM, LONDON. 
MANUFACTURERS OF 
AM M ETERS 
VOLT M ET ER 
A SPECIALITY IN HIGH-CLASS — 
FOR DIRECT OR ALTERNATING CURRENTS. elas 
RESISTANCE FRAMES, © 


“SINGLE, DOUBLE & TREBLE POLE SWITCHES. 


| 


NALDER BROS. Co., 
132, HORSEFERRY ROAD, WESTMINSTER. ase 


PATENT 


ELECTRIC LIGHT INSTALLATIONS 


AND FOR ANY WORK WHERE UNIFORMITY OF SPEED IS DESIRABLE. 


LIVERPOOL, 1886. 


| ‘9881 = | 


SOLE MAKERS: 


PRICES ON APPLICATION. 
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| 


TELEGRAMS : 3 | 
“ELECTRICITY,” LONDON. TELEPHONE No. 


“INDUCTION,” MANCHESTER. 1887. 


Op * LIMITED, } 


(4) 
“Dow AND M 
my \ G. BINSWANGER, 


Managing Director. 


| MANCHESTER WORKS. 
Works :— 


45, Chapel St. SALFORD, |. 
MANCHESTER. 
_ And at 7, Bothwell Street, GLASGOW. 


LE 


BEFORE MAKING CONTRACTS 


WRITE SAMPLES PRICES 
SOFT CORED & SOLID 


OF OUR WELL-KNOWN 
BEST 


QUALITY 


LONDON. 
Head Office & Warehouses :— 


71, QUEEN VICTORIA ST., 


+ 
— 
J 


PERFECTLY 
WHITE 
AND STEADY LIGHT. 
BURN 

WITHOUT NOISE OR ASHES. 


A FARTHING a millimetre per foot. 
Or £1 a millimetre per 1,000 feet, 


PPLIES. 


ALL ELECTRICAL 
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XI 


DYNAMOS 


J. H. HOLMES & Co. 


ON-TYNE 
74, 


Coleman Strect. ONDON, rc. | 
2663 


See 
Page xi. 


WHEATLEY KIRK, PRICE & GOULTY, 


ELECTRICAL AUCTIONEERS, VALUERS 


AND <ARBITR ATORS, 


62, QUEEN VICTORIA STREET, LONDON, EC. 


And Albert Square, MANCHESTER. — 1542 
THE ELECTRIC & GENERAL INVESTMENT C0. 


Offices :—1 & 2, GREAT WiINCHESTER Street, LONDON, E.C. 


His Grace the DUKE OF MARLBOROUGH, Chairman. 


The Company has been formed FOR THE PURPOSE OF 


FACILITATING THE PROMOTION AND DEVELOPMENT 

OF UNDERTAKINGS for Electric Lighting, Traction, Trans- 

mission of Power, and other industrial uses of electricity. 
Communications may be addressed to— 


J. CECIL BULL, 
3827 : Secretary. 


INTERNATIONAL ELECTRICAL EXHIBITION | 


| AT FRANKFORT-ON-THE-MAINE. 
From MAY 15 to OCTOBER 15, 1891. 


Applications ‘to be sent'to the Committee (Mr. LEOPOLD SONNEMANN, 
Chairman), FRANKFORT-ON-THE-MAINE. $841 


WOODHOUSE RAWSON UNITED, Lo. 


VULCANITE. 


HARBURG INDIA-RUBBER COMB COMPANY. 
London Warehouse: F. WINTER, 
188, LONDON. WALL WOOD STREET E.O. 


EBONITE. 


CHEAP PREPAID ADVERTISEMENTS, 


: Relating to Situations Vacant, Sityations Wanied, Businesses 


Wanted, Businesses for Sale, Patents for Sale, Specific Articles of 
any kind Wanted, or for Sale or Exchange, are inserted at the 
rate of ONE PENNY Per Word (minimum 1s.). 
: Three consecutive Insertions for the Price for Two. 
®.* This Scale does not apply to Trade Advertisements, terms for which 
can be had on application. | 


WE a smart, energetic young man of about 25 as 
Traveller in London for Electri Supplies. Must have 
knowledge of the business. Salary and commission. Apply, by 
letter only, — full particulars, to” 36, Albert Em - 
ment, S.E. 3910 


V ANTED, in the North of England, an experienced draughts- 

man, thoroughly qualified in electric dynamos and motors. 
—Apply, stating age, experience, and salary expected, to ‘ 3914,” 
EvectricaL REview office. 


2.1. 
V ANTED.—First-class wireman. State experience.—Address, 


Tue Newron ELecTricaL ENGINgERIG Works, TAUNTON. 
3904 


LE GENIE CIVIL, 


Weekly Review of French and Forelén Industries in General, 
6, RUE DE LA CHAUSÉE D'ANTIN, PARIS. 


Editor-in-Chief, MAX DE NANSOUTY, Ingenieur des Arts et 
Manufactures, Officier d’Academie, Secretary of the Electrical 
Committee of the Exhibition of 1889. 


= Genie Crvit deals with all subjects connected with Science 
and Industry, Arts, Architecture, Construction, Hygiene, Public 


Works, Electricity, Chemistry, Railways, Mechanics, &c. 


Le Genre Crviz publishes, also, all the Official Documents of 
the Exhibition of 1889 in extenso.| 


THE BEST CONTINENTAL ADVERTISING MEDIUM OF ALL. 
All communications for the Advertising or Publishing Depart- 


_ ment to be addressed to Mr. Bocquer, GENIE Civiz OFFIce, 6, Rue 
| de la Chausée d’Antin, Paris. 


EQUIRED, at once, an assistant telephone a. —Apply, 

by letter only, stating experience and qualifications, to the 

SECRETARY, Mutual Telephone 26, Booth 
Street, Manchester. 3908 


LECTRIC CABLE WORKS.— Wanted, competent and 
experienced Foreman for above. Must have thorough 
knowledge of latest types of stranding and cotton-covering 
machines. Apply, “M.,” office of the ELEoTricaAL REVIEW, 22, 
Paternoster Row, E.C. 3000 


— Experienced driver, also stoker and 
dynamo attendant.— Apply Ezecrric Lieut Works, 
Bath. 3876_ 


seeks engagement in good electrica] firm. Installation or 
central station work. Home or abroad. Good references. 
Moderate salary.—Address 3,865, office of this paper. 3265_ 


ANTED, situation as Electrical Manager. First-rate tech- 
nical knowledge. Several years with large 

firm. Might soon take partnership in good business.—No. 3,888, 
ELECTRICAL Review office. 3858 


[Continued on neat ra 


FOWLER, LANCASTER CO., 
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IS NOW THE 
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OUNG ELECTRICIAN (24), seeks engagement. 

power, or - lation work. Practical, theoretical; good 

references.—“ H. G. J.,” Trafalgar Villa, mor. Road, Bishops- 
ton, Bristol. 3892 


LECTRICAI ENGINEER seeks engagement ; installation or 
central station work. Good references. Home or abroad; 
small salary.—Address “ A. S.,” office cf this paper. 3391 


A* ELECTRICAL ENGINEER of considerable experience in 
mechanical, electrical, chemical, and electro-mining engi- 
neering, seeks a fresh engagement. Fair analytical chemist, 
draughtsman, mechanic, and experimentalist, accustomed to draw 
specifications and estimates. Would not o 4x to go abroad. 
First-class testimonials and references. An A.LE.E. and member 
Manchester Geological Society.—Apply “ O. R. 8.” 126, Stockwell 
Park Road, Brixton, S.W. 3915 


ENGINEER desires engagement. Several 
ears’ experience in the manufacture of dynamos, installa- 
Moderate salary. FENN, Maison Dieu Lodge, 


3912 


tion &e. 
Dover. 


HEATSTONE A. B. C. INSTRUMENTS.—Two complete 
sets, condition equal to new, for sale, cheap. — Letters 
“A. 38, Old Street, London, E.C. 3882 


OR SALE.—ELECTRICAL REVIEWS, 1886 to 1890; Electrician, 
and English Mechanic, 1883 to 1886. —Address_ FRASER, 29, 
Grafton Str eet, Preston. 3893 


UTTA-PERCHA, old, in good condition, wanted ; best price 
given.—W. Rt. Birt & Co., 4, High St., Birmingham. 3594 


© UF ANTED, sensitive Thomson reflecting galvanometer, with 
lamp and lens, Wheatstone bridge, condenser and key, all 
in good order :— 3913,” offices of ELecrTRiCAL Review. 3913 


EFORE ORDERING Electrical, Plant and Accessories, 
Write for Pamphlets to the EN :INEERING 
Corporation,’ LIMITED : “Electrical Distribution,” ‘Machine 
Driving by Electricity,” “ The Telpher System of ‘Cheap Trans- 
port,” and ‘Electrical Supplies.” —68, Victoria St., 


10 BE LET, UNFURNISHED, the House No. 23, Porchester 

Gardens, Hyde Park, fitted throughout with electric light, 

with laboratory attached containing gas engine and complete 

electrical plant, fittings, &c. Recently in the occupation of 

Mr. R. E. Crompton.—For particulars apply to JOHN SLATER, 
Architect, 39, Great Marlborough Street, W. 3 3574 


NSTRUCTIONS FOk THE LAYING AND JOINTING 
a OF UNDERGROUND ELECTRIC CABLES.” — Pro 
-fusely Illustrated.—Translated from the French of Pr. Francois 
Borel. The Kinetic ENGINEERING Co., 26, Norfolk Street 
London, W:C. 


€13 


ECOND-HAND ALTERNATORS—both self-exciting and for 
separate exviters. Sections may be connected in series or 
parallel at will, thus affording wide range of E.M.F. and currents. 
—For full particulars apply EvectricaL ENGINEERING Cor- 
PORATION, 68, Victoria Street, Westminster. | 2366 


Lighting, | 


OWENS COLLEGE, MANCHESTER. 


ELECTRICAL TECHNOLOGY. 


SPECIAL course has been arranged on the Technical Appli- 
cations of Electricity. 

A dynamo house has recently been built in connection with the 
pue laboratory, containing a 7 H P. Otto gas engine, two 

irect and two alternate current dynamo machines, ly con- 
structed for purposes of instruction, &c. 

In the laboratory full instruction is given in electric and mag- 
netic measurements, testing of dynamos, &c. The bn bagiss 
October 7th. 

For prospectus, apply to the Registrar. 


3907 H. W. UOLDER, M.A., Registrar. 


TRAINING FOR ELECTRICAL ENGINEERS. 


THE ELECTRICAL STANDARDISING, TESTING 


AND TRAINING INSTITUTION, 


FARADAY HOUSE, CHARING CROSS ROAD, LONDON, W.C 


BOARD OF CONTROL. 


The Rr. Hon. the EARL OF CRAWFORD, Chairman. 


The Hon. REGINALD BROUGHAM. 
ROBERT HAMMOND. 
FRANCIS INCE. 
PRINCIPAL. 
HUGH ERAT HARRISON, B.Sc., A.M.1.C.E. 


HE NEXT SESSION will commence on WEDNESDAY, 17th 


September. The Institution is in affiliation with some of 
the largest Electricity Supply Companies, into whose works and 
stations the Students are drafted. | 


Application should be made to the Secretary, P. A. LATHAM, 


M.A., 15, St. Helen’s Place, E.C. 3890 


ELECTRICAL CENTRAL STATION IN STOCKHOLM. 


ENDERS for the execution of an electrical central station for 
the Town of Stockholm, either for the whole work or parts 

of it, in accordance with an issued specification, will be received 
until 12 o’clock on the 18t of September, 1890. The installation 
to be carried out at first comprises machinery, accumulators, &c., 


for 10,000, and underground leads for 15,000 lamps of 16 candle- : 


power. 


of 10s. 


3377 Tue DIRECTION or GASWORKS OF oo. 


Specifications can be had from Stockholm’s Gasverk at a cost 


Telephone No. 11,147. 
‘Samples and Quotations on receipt 
of Patterns and Specifications. 


R. McGOUNE, BUCHANAN & CO. 
Wholesale Mica Merchants, Mica for Electrical and all other purposes, 


9, MINCING LANE, LONDON, 


Teleghams, Boulanger.” 
Special Department for Chemicals 


E.C. used by Electricians. 


TRADE MARK. 


ELECTRICAL SUPPLIES. 


CHINA. 


A 15,000 Lamp Holders, \, 6,000 Ceiling Connectors, 
3,000 Shade Holders, 
| 5,000 Cut-Outs, 


3,000 Main Spring Switches, assorted sizes, 


700 Wall Connectors, 
13,000 Branch Switches, 


STOCKED READY FOR DELIVERY. 


USE THE “ GROSVENOR” PATENT CEILING CONNECTOR, 


USE F. L. & CO’S PATENT LAMP CAPS. 
ALL ELECTRIC LIGHTING AND TELEGRAPHIC SUPPLIES. 


Send for and Quotations. 


Note :— 


FOWLER, LANCASTER & Co., Ltd. Birmingham. 
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NEW PRICE LIST NOW READY. 


AMMETERS 


and 


LONDON. 


/ “MEGAVOLT, 


For Engine Room use, 


Alternating or 
Direct Current. 
MARINE TYPE 
For Ship, 
Tram, 
Train use. 


Contractors to English & Foreign Governments, 
Railways, Central Stations,&c. 


YNAMO 


Armatures and Field Coils — 
: VENTILATED INSIDE. ~ 


of Conductors. 6 


rf working with same MARGINAL FACTORS HAVE BEEN BUILT IN ALL 81286, 


for Armatures. 


STRONGLY ‘BUILT. 
Will drive machinery direct with Spur Gearing, without breaking down the armatures. 


TEAM DYNAMOS 


FOR ANY OUTPUT. 


DYNAMOS and MOTORS 


Built to Specification 


My 


| ; 
- 


STEAM DYNAMO for ELECTROTYPING- 
supplied to Ordnance Survey Dept. 


WoonFiEo Works, HARROW ROAD, 


LONDON, Ww. k with Armature in water. 


4 POSITIVE DRIVING _ Long Bearings. Clean and Economical Lubrication. Standard Goolden built 
| CHEAPER than any Dynamos with Gramme, Drum and Bar Armatures. . 


AMPLE GLEARANGE and at same LOW TEMPERATURE. Some welghing over SEVEN TONS without Engine, 


10 | Dynamos of this type have worked at 350 volts, trans- 
: wer in Mines (a severer test than lighting) 


OT RS pre À without a penny being spent in repairs. 


HIGH EFFICIENCIES. 


HP. - Leung) = with Goolden Watertight Armature; 
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Yublications. 


THE NINTH ANNUAL PUBLICATION 


BERLY’S ELECTRICAL DIRECTORY, 


Fully Revised and Thoroughly Reliable. Bound Scarlet Cloth, Gili Lettered, 514 Pages. 
CONTAINS A LARGER AMOUNT OF COMMERCIAL TRADE MATTER THAN ANY OTHER ELECTRICAL DIRECTORY. 


SECTIONS :—BRITISH, 338 Pages, Red Edges; AMERICAN, 82 Pages, Blue Edges ; CONTINENTAL, 94 Pages, Yellow Edges. 


THE, eat ELECTRICAL TRADES DIRECTORY OF GREAT BRITAIN, 
AND THE OLDEST ELECTRICAL DIRECTORY IN THE “WORLD. 
Post F'ree Gs. 
Invaluable to Manufacturing Electricians, Electrical Engineers and Contractors, Telegraph and ‘Telephone Constructors, Makers of 
High Speed and other Engines, Motors of all kinds, Driving Bands, Carbons, Chemicals, Insulators and Insulating Materials, Wire and 
Cable Manufacturers, Wholesale and Retail Dealers in Electrical Goods, and to Manufacturers of any article required and used by the 


Electrical Trades. No office is complete without a copy. 


CAN BE OBTAINED THROUGH ANY BOOKSELLER, OR FROM 
Wm. DAWSON & SONS, 148-149, Upper Thames Street, LONDON, E.C. 


Ready this day, Royal 32mo Oblong, 5s. Leather (Post Free). 


THE ELECTRICAL ENGINEER’S POCKET-BOOK | 


OF MODERN RULES, FORMULA, TABLES 
AND DATA. 


By H. R. KEMPE, M. Inst. E.E., A.M. Inst. C. E., 


Technical Officer, Postal Telegraphs. 


LONDON : 


CROSBY LOCKWOOD & SON, 7, Stationers’ Hall Court, B.C. 


Ready this day, Crown 8vo, 5s. Cloth. 


ELECTRIC LIGHT FITTING 


A HANDBOOK FOR WORKING ELECTRICAL ENGINEERS. 


EMBODYING PRACTICAL NOTES ON INSTALLATION 
MANAGEMENT. 


By JOHN W. URQUHART, Electrician, 


Author of “ Electric Light,” Sc.” 


London: CROSBY LOCKWOOD & SON, 7, Stationers’ Hall Court, EC. 


LeMONITEUR des INVENTIONS INDUSTRIELLES 


15th YEAR. 


6 BOULEVARD DE STRASBOURG PARIS. 
Sixteen Pages, Half-Monthly, 


SUBSCRIPTION : 6s. Yearly, 8s. 6d. Half-Yearly, Post Free. 


JUST PUBLISHED. Edited by CHARLES W. HASTINGS. 
THE GAS, WATER AND ELECTRIC LIGHTING 
COMPANIES DIRECTORY, 1890. 


FOURTEENTH ANNUAL ISSUE. 
Demy 8vo. 290 pp.; Cloth Boards, 56s. Post Free, Stiff Covers, 48. 


GASWORKS STATISTICS, 1890. 


TWELFTH ANNUAL ISSUE. 
Demy 8vo, Stiff Covers, 100 pp. 38. 6d, Post Free. 


WATERWORKS STATISTICS, 1890. | 


TENTH ANNUAL ISSUE, 
Demy 8vo, Stiff Covers, 40 pp. 2s. 6d. Post Free. 


THE ABOVE THREE WORKS, ge À _— IN CLOTH IN ONE VOLUME. 


These books have been Parma poten to date, and contain much 
valuable and additional information 


London: HAZELL, WATSON & YINEY, Ltd., 1, Creed Lane, 3557 


ESTABLISHED 1880 
THE 


Railway Engineer 


MONTHLY, ONE SHILLING. 
A Valuable Work for Reference, illustrated with large 


LITHOGRAPHED WORKING DRAWINGS 


Of Locomotives and other Rolling Stock; Bridges and all 
kinds of Railway Appliances. 


ANNUAL SUBSCRIPTIONS, IN POSTAL UNION, 14s. 


(Payable in Advance, including Postage.) Specimen Copy Post Free, 1s. 
OFFICES :—8, CATHERINE ST., STRAND, LONDON, W.C. 


ESTABLISHED 1872. 
THE TELEGRAPHIC JOURNAL AND 


ELECTRICAL REVIEW 
VOL. 


Now Ready.—Price Cloth. 
OFFICES: 22, PATERNOSTER ROW, LONDON. 


vs 
wee 


PATENT 


SELF-BINDERS 


THE “ELECTRICAL REVIEW.” 


Tus Self-Binder, or Reading Case, is intended to hold EzxcrricaL 
Reviews of any number until the half-yearly volume is com- 
pleted and ready for permanent binding, the width of the 
back being widened or contracted by sliding the back cover in 
or out as desired. 
To be obtained at the ELxcrricaz REVIEW office, 22, Pater 
noster Row, London. à 


Price 6s., Post Free (in Great Britain) 6s. 6d. 


Cheques and Money Orders to be made payable to H. ALABASTER 


the latter on Chief Office, London. 
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Cloth, 4s. 64, Post Free. 66 Illustrations. By JAMES SWINBURNE: 
Practical Electrical Measurement. 


“ Altogether the book is an excellent one, the few points that have been objected to in this notice being almost the only ones that 
out of a large mass of matter have struck us as perhaps open to criticism.” —Electrician, February 15th, 1889. . 
“ The author comes to his task, however, so well equipped by practical experience, that there a to be a basis for his very 
nounced confidence. is selection and treatment of the subject matter is decidedly or oy and à large amount of stereotyped matter, 
which is usually deemed indispensable to works on electrical subjects, is conspicuous by its absence.”—The Electrical Engineer, (New 
York), February, 1889. | 

‘€ Taken as a whole, the book is a most readable and instructive one, and, with the illustrations, isa vatuable addition to the 
literature of a subject which is interesting to all engaged in practical electrical work.” —Electrical World, New York, January 12th, 1889. 


“ It does not need commending; we have only to give the author’s name and that of the publishers.” —Electrical Plant, January, 1889, 


“ There are many points in this volume which will be of great value to the practical electrical engineer who has to work with such 
of the measuring instruments usually supplied.””—Mechanical World, December 15th, 1888. : 

“ This is a book by a practical man for practical men, and one of a kind which is certainly needed, inasmuch as it furnishes the — 
working electrician with simple rules and methods for the measurement of the various physical quantities with which he is con- 
CS. à 7" à 6: à uch that is practically useful will be found in the book. . . . . . Looking at the book as a 
whole, there is no doubt that it will be welcomed by many engaged in practical electrical work.”—Industries, March 1st, 1889. 

" The apparatus necessarily differ more than the methods, and we are glad to find that Mr. Swinburne, having essayed to describe 
¢ ractical electrical measurement,’ has set a higher value on the fulfilment of his promise, and of the reader’s expectation, than upon 
his ability to make a mathematical display. He has evidently found that as the algebraical evolutions are within the rar | of most 
youths as they leave school, the practical world is not in the least interested in Mr. Swinburne’s capacity in this respect, while it does 
want to know something about practical electrical measurement. He therefore departs from the more usual course of the pedant, and 
sticks to his subject.”—Engineer, March 29th, 1889. 

“ As it stands the book consists mainly of remarks on almost every form of instrument known in electrical lighting.”—Nature. 


March 28th, 1889. 


Cloth, 4s. 6d., Post Free. 41 Illustrations and 5 Tables. By F. B. BADT. 
Incandescent Wiring Handbook. 


Multiple Arc System; Three-Wire System; Methods of Running Wire; Location of Safety Devices and Switches; Fixtures and 
Elevators; Wire Gauges; General Electrical Data; Calculating Sizes of Wires; and two Appendices. 


| Cloth, 4s. 6d., Post Free. 70 Illustrations. By F. B. BADT. 


Dynamo Tenders’ Handbook. 


Elem ntary vata; Arrangement of Power ; Dynamo-Electric Machines ; Diseases of Dynamos; Lamps; Instrumente ; Circuits or Leads ; 
_ Accumulators ; Safety Regulations ; Table of Electric Light Conductors; Lamp Lighting Schedule; Construction Tools. 


Cloth, 4s. 6d., Post Free. 97 Illustrations. By F. B. BADT. 


Bell Hangers’ Handbook. 


Voltaic Electricity ; Description of Batteries; Elementary Data; Connecting Batteries ; Battery Data; Electro-Magnets Induction Coils ; 
Electric Bells; Annunciators; Electric Alarms; Gas Lighting Apparatus; Electric Heat Regulation ; 
es Running Electric Wires; Testing Instruments. | | 


Paper Covers, ls. Post Free. By EDWARD TREVERT. 


Everybody’s Handbook of Electricity. 


WITH GLOSSARY OF ELECTRICAL TERMS AND TABLES OF INCANDESCENT WIRING. | 


Cloth, 3s. 6d., Post Free. Tiustrated. (Translation.) By Dr. TUMLIRZ. 
Electric Potential.' 


Cloth, 12s. 6d., Post Free. By G. S. BOWER and W. WEBB. 


Law of Electric Lighting. | 


Cloth, 12s. 6d., Post Free. Illustrated. (2nd Edition, Enlarged.) 
By T. C. MARTIN and J. WETZLER. 


The Electric Motor and its Applications. 


Elementary Considerations ; Early Motors and Experiments in Europe; Early Motors and Experiments in America; Electrica 
Transmission of Power; The Modern Electric Railway and Tramway in Europe; The Modern Electric Railway and Street Car Line 
in America; The Use of Storage Batteries with Electric Motors for Street Railways; The Industrial Application of Electric Motors 
in Europe; Ditto in America; Electric Motors in Marine and Aerial Navigation; Telpherage; Latest American Motors and Motor 
Systems ; Latest European Motors and Motor Systems; Alternating Current Motors ; Thermo-Magnetic Motors. | 


Published by H. ALABASTER, GATEHOUSE & CO., 
22, PATERNOSTER ROW, LONDON. 
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THE TELEGRAPHIC JOURNAL AND ELECTRICAL REVIEW SUPPLEMENT. 
FITTED WITH 


~ ENGINEERS & BOILER MAKERS, 
ILLUSTRATED PRICE LIST UPON APPLICATION. ~~ 
See Advertisement 


ahs 


STEAM BOILERS 
APPARATUS 
ELIMINATING ALL = 
LOCO, MULTITUBULAR, DEPOSIT = 


LANCASHIRE and other types, |‘ ON BOILER PLATES. 
Constructed for High-Pressure Steaming. _ 


4 
3834 


enn srs, London Office of CHARLESWORTH, HALL & CO, 


Works: St. GEORGE STREET, LONDON, E. 


EVERY NECESSARY FOR ELECTRIC LIGHTING. 


— of Casings and Ornamental Covers. Every length of Cover stampe 


DYNAMOS OF THE BEST CONSTRUCTION. 
dd: MEASURING INSTRUMENTS AT LOWEST PRICES ET | 
br. ZOPKE, Wilhelm- Strasse, 98, BERLIN, W. | 


SAMUEL ELLIOTT, Albert Moulding Mills, Newbury 


wv a London Offices and Show Rooms: 

site Moorgate Statio 

ONE OF LARGEST SANUFAOTURERS. 


All Correspondence addressed to — Offices, Newbury. 


STAR DIPLOMA, LONDON, 1887 


GOLD MEDAL, LONDON, 1886, 
FIRST MEDAL OF MERIT, BRUSSELS, 1888. 


SILVER MEDAL, PARIS, 1889. GOLD MEDAL, YORK, 1889. 
FIRST MEDAL OF MERIT, COLOGNE, 1889. . 

GOLD MEDAL, BRIGHTON, 1890. 

Manufacturer of all kinds of Wood Casings for Electric Wises and Cables in Yellow Deal, Pitch Pine, Oak, Mahogany, 

. New Catalogue (No. oy registered designs, containing numerous illustrations 

d with Trade > Mark. SPECIALITE : :—DESIGN AND QUALITY. 1637 


Walnut, &c., in the best manner, struck clean and s 


CHARLESWORTH, HALL Co, 


RICHMOND HILL IRON WORKS, 
OLDHAM. 


SILVER MEDAL, BARCELONA, 1888. 
MAKERS OF | 
LONDON AGENTS, 


H ICH. SP EED EN CI N ES, 37, 
DYNAMOS & MOTORS, 


SEARCH-LIGHT PROJECTORS, &c. 


SHIP LIGHTING A SPECIALITY. 

| Complete Installations 
Of all kinds, 

Estimates on Application. 
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The following sizes of Compound-Wound Dynamos are 
_ kept in stock or in progress. 


DE 


Lamps. | Amps. | Volts. PRICE. 
EE 90 45 100 852 £76 
| 18:0 90 100 1020 £99 
= | 220 120 100 880 
| PROJECTORS IN STOCK. 
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POOLE WHITE, 


LIMITED, 
WORKS, SHOWROOMS AND OFFICES: 


58 & 59, BREAD ST., CHEAPSIDE, LONDON, E.C. 


TELEGRAPHIC ADDRESS : 
“PLATESSA, LONDON.” 


TELEPHONE No. 1982. 


20 AMP. PORCELAIN CUT-OUT. 


WHITE’S 200 AMP. QUICK BREAK SWITCH. 


No. 3,296. 


No. 15,244. 


PATENT. 


No. 3 HOLDER. 
| No. 4 HOLDER. 


No. 3,271. 


WHITE’S PATENT CEILING ROSE AND PULLEY. 


PRICES AND FULL PARTICULARS ON APPLICATION. 
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APPLETON, 
WILLIAMSON. 


BALMORAL BUILDINGS, 91, QUEEN VICTORIA ST. 


STEAM WORKS, HATTON GARDEN. 
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WILLANS ENGINES 


(PATENTS OF 1884 AND 1885), 
Are made in Ten Standard Sizes, from 3 to 530 I.H.P., with either One or Two Cranks, and for Speeds of from 280 to 700 Revolutions. 


They are equally suited for Condensing or Non-Condensing; for the direct driving of High-Speed 
‘Machines, such as Dymamos and F‘ans, or for Driving General Machinery by Belts or 
Gearing. It is now fully established that they possess Extraordinary Freedom from Wlrear, a all 
Bearings are in “ constant thrust ” (which is not the case with many Single-Acting Engines), and are Self-Lubricated. Their Small 
Size and Weight, while advantageous in all cases, fit them for uses to which the majority of engines are inapplicable. Al 


except the smallest sizes are made either Simple, Compound, or Triple-Expansion, according to the 


pressure available, and recent trials show that they work with a 


SMALLER CONSUMPTION OF STEAM 


Than amy other type of engine in the market indicating equal power. Non-Condensing, a consumption of steam as low as 182 Ibs, 
per [.H.P. per hour has been recorded, and the Makers are prepared to Guarantee that the larger Condensing Engines 
shall work, at least, as economically as the best class of Compound Corliss Engines, while possessing enormous advantages in 


Lightness, Compactness and Cheapness. 


THE WILLANS CENTRAL-VALVE ENGINE IS WITHOUT RIVAL 


FOR ELECTRIC LIGHTING, 


For which purpose several hundreds have already been applied with the utmost success. Engines are on order at the Tas 


time for nearly all the most important Public Lighting Stations now under construction in England, and the indicated power of the 


Engines already supplied, or now on order, exceeds 
Thirty-Thousand Horse-Power. 


PRICE LISTS WITH FULL PARTICULARS ON APPLICATION. 


TE DITTON s SURREY. 


THE NEWTON ELECTRICAL 
TAUNTON. 
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Highest Efficiency ; Beauty of Design; Moderate 
Speeds; Best Workmanship and Materials. 


\ 


TN 
IN 


NEWTON & HAWKINS’ 
PATENT 


AUTOMATIC SWITCHES. 


NEWTON ARC Lanes. 


And every Requisite for Electric Lighting À 
and Transmission of Power. 3; 
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Telegrams: “ARC,” TAUNTON. 
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WESTERN ELECTRIC CO. 


| TELEPHONIC APPARATUS 


ARC LAMPS AND DYNAMOS _ 
PATTERSON CABLES FOR TELEPHONES, TELEGRAPHS AND ELECTRIC LIGHT. 


79, COLEMAN STREET, LONDON, E.C. 
CHICAGO, NEW YORK AND ANTWERP. 


STATIONS. 


CROMPTON & COMPANY, LIMITED, have inhi. or are now | 
erecting, Central Stations, and manufacturing ne for same, — 
to supply 


321,000 LAMPS. 


This represents two-thirds of the total horse-power being put down 
in this Country for Continuous Electric Supply, or in other words 


100,000 LAMPS | 
MORE THAN ALL OTHER LOW PRESSURE SYSTEMS COMBINED. | 


1906 


Full information on the latest developments of Electrical Engineering and Tenders de Central Stations of 
_ any magnitude, can be obtained by applying to— | 


CROMPTON & CO., Ltd, || 
MANSION HOUSE BUILDINGS, LONDON, E.C. | 


Works: :_ CHELMSFORD & LONDON. 
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M. HOLROYD SMITH, 


Crossley Street, HALIFAX, and 18, Abingdon St., WESTMINSTER 


ENGINEER DURING CONSTRUCTION OF 


THE BLACKPOOL ELECTRIC TRAMWAY, 


Contracts undertaken for |UNDERGROUND CHANNELS, 
equipping and working Ra 
by means of | OVERHEAD CONDUCTORS. 


Electricity by means of 


August À, 1800. | 
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